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INTRODUCTION 
The elements scandium (Sc) and lutetium (Lu) are members of the 
group of elements commonly called the rare earths. These elements are 
grouped together because of their similar chemical properties. This is 
a result of their similar valence electron configuration, which is in 
general a combination of s- and d-electrons. At the same time, most 
of the constituents have an unfil led Afjelectron shell which give rise 
to unique magnetic properties. 
One property of the rare earth elements which nowadays commands a 
great deal of interest is their high solubility of hydrogen. While many 
elements have large solubility ranges for hydrogen at elevated tempera­
tures, the solubility of hydrogen in solid solution in the rare earth 
elements is extensive at cryogenic temperatures as well as room tempera­
ture and higher. For example, the solid solubility of hydrogen in 
scandium is 30 atomic percent (30 at.%) and in lutetium is 20 at.%, 
even at l iquid helium temperatures (4.2 Kelvin) (1,2,3). Therefore, 
measurements such as low-temperature heat capacity can be performed on 
rare earth-hydrogen solid solution alloys without the precipitation of 
the hydrogen from solid solution and the subsequent problems of 
measurements on multi-phase materials. The results of such measurements 
of rare earth-hydrogen solid solution alloys, however, are meaningless 
unless the properties of pure rare earth metals are known. It has been 
found that the basic properties of the rare earth metals are sensitive 
to the impurities in the samples measured. This is evident in the 
discrepancies in the values of basic properties as measured by various 
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investigators on materials with widely varying degrees of purity. Over 
the past 15 years, efforts have been made at the Ames Laboratory to 
produce rare earth metals of the highest purity, with all impurity 
elements (including interstitial contaminants such as hydrogen, carbon, 
nitrogen, oxygen, and fluorine) present having concentrations in the 
parts per mill ion atomic (ppm) range or less. Preparation of metals 
with impurities held to these levels has allowed measurements which 
give repeatable values for the basic properties between different sam­
ples (4). The values obtained can be used as benchmarks to compare the 
effects of alloying, i.e., measuring the changes in basic properties 
as a function of alloy concentration. Of course, the starting material 
(before alloying) must be of high purity itself, or the effects of 
undesired impurities can overshadow the alloying effect. In the same 
manner, the method used in the alloying process must not permit the 
introduction of unwanted impurities. 
Scandium 
The magnetic susceptibility (%) versus temperature (T) of pure 
scandium was last reported by Spedding and Croat, who also summarized 
the conflicting results of earlier experimenters (5). This element 
needed to be remeasured because of the results of low-temperature heat 
capacity studies by, Tsang et al, C.6). tn their investigation, it was 
found that iron (Fe) impurities as low as 19 ppma had a noticeable 
effect on the heat capacity of 'pure' scandium. Since in all previous 
studies of scandium the iron impurfty levels were larger than 39 ppma, 
i t was l ikely that the data obtained were likewise affected and. 
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therefore, spurious. In the results of Spedding and Croat on the tem­
perature variation of the susceptibility of scandium, a maximum near 
30 K and a minimum near 6 K were found. This behavior had not been 
observed in scandium before (5). There was some question as to the 
cause of this anomaly, especially in light of the effects low concen­
trations of iron had on the heat capacity of scandium. Low-temperature 
heat capacity results showed that material with iron concentrations less 
than 2 ppma yield reproducible electronic specific heat contents (y) 
and Debye temperature (0q ), i.e., the effects of iron at this or lower 
concentration levels were negligible. Higher concentrations of iron 
would raise the heat capacity for temperatures below 10 K, with the 
result of an excess heat capacity at 1 K of 0.7 mi 111 joules/gram-atom K 
(mJ/gram-at.K) for 30 ppma iron, and as large as 2.8 mJ/gram-at.K for 
111 ppma iron (6). The excess entropy due to the iron impurity agrees 
with the theoretical prediction for impurity-conduction electron 
interaction when the iron is in solid solution (below 50 ppma Fe), but 
is larger when the iron segregates at the grain boundaries. In a 
system with magnetic impurities of such small concentration, the 
magnetic susceptibility could be influenced by the impurities, though 
it was not clear if the maximum and minimum seen was an effect of the 
iron. Therefore, magnetic susceptibility measurements on material with 
a purity better than 2 ppma Fe should be able to determine if the 
anomalies (the maximum and minimum) observed by Spedding and Croat are 
due to the iron impurity, or if they are intrinsic to scandium. 
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Two scandium-hydrogen solid solution alloys were also measured, one 
with 12.53 at.% hydrogen, and the other with 25 at.% hydrogen. The data 
were to be used for some theoretical band-structure calculations being 
planned for scandium-hydrogen solid solution al loys. 
Lutetium 
The only reported study of the magnetic susceptibility of lutetium 
over an extended temperature range was done by Spedding and Croat (7) • 
The susceptibility of pure lutetium was found to be relatively tempera­
ture independent, with a slight maximum at 120 K, a shallow minimum 
near 20 K, and an increasing susceptibility with decreasing temperature 
below 20 K. The low temperature increase was believed to be due to 
paramagnetic impurities. A lutetium-5.45 at.% hydrogen alloy was also 
measured. In general, the susceptibility was lowered by the addition 
of hydrogen and the 120 K maximum disappeared. 
In the course of investigations at Ames Laboratory of the basic 
properties of ultrapure rare earth metals, the low-temperature heat 
capacity of electrotransport purified lutetium was measured, along with 
the heat capacity of several 1utetium-hydrogen alloys containing between 
0.035 at.% and 16.0 at.% hydrogen (1). This study found that both y 
and Gg rise rapidly as a function of hydrogen concentration, reaching 
a maximum in the 0.6-1.5 at.% hydrogen concentration region. When the 
room temperature magnetic susceptibility was measured, a minimum was 
found at 0.22 at.% hydrogen in a susceptibility versus hydrogen concen­
tration plot. Since the x^qq data did not seem to match the heat 
capacity data, i t was felt the susceptibility should be measured from 
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2-300 K, to see if any changes in susceptibility between room tempera 
ture and 2 K would account for this discrepancy. 
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EXPERIMENTAL 
Theory 
The magnetic susceptibility of a material is defined as the ratio 
of the magnetization (M) of the material over the applied magnetic field 
(H). If the susceptibility is small, the applied field is relatively 
unchanged by the magnetization and the relationship 
X = M/H (1) 
holds. 
The potential energy of the material in a magnetic field is like­
wise given by 
U = (m/2)M H (2) 
where U = potential energy and m = the mass of the sample. Using the 
definition for the susceptibility given by Eq. (l), Eq. (2) becomes 
U = -( m Y )H^ . (3) 
The Faraday method for determining the magnetic susceptibility measures 
the force (F) on a sample placed in a nonhomogeneous magnetic field. 
This force can be derived from the potential energy equation by taking 
the first derivative with respect to the direction of the force, or 
r, = (4) 
for the CGS units F is expressed in dynes. 
If the magnetic field is unidirectional (i.e., = 0, or H 
is directed only along the x direction) in the volume of the sample, 
then 
d(H^) 
the force measured on a balance is typically expressed in terms of mass, 
so the result is 
d(H^) 
= A(mg) = g (Am) = ^ — (6) 
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where g = earth's gravitational constant = 980 cm/sec , and Am = the 
apparent mass change on the balance between the time the magnetic field 
is present (H 0) and zero field. With a material of unknown suscep­
tibil ity, all other parameters of Eq. (6) can be determined. Therefore, 
to solve for the susceptibility (in terms of electromagnetic units per 
gram (emu/g)), Eq. (6) is rearranged to give 
d(Hj) 
X = 2gAm/m — . (?) 
2 The gravitational constant and d(H^)/dz will remain constants of the 
equipment when it is operated under standardized conditions, so they 
will not change with different samples. Thus, by using a sample of 
known weight, the gram susceptibility can be determined by measuring 
the apparent change in mass when the magnetic field is alternately 
turned on and off. In practice, the apparent mass change must also 
take into consideration the susceptibility of the sample holder. This 
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can be treated as an additive constant to either the susceptibility or 
the apparent mass change, i.e., 
X = ((2gAm/dCH^)/dz) - (8a) 
or 
cl(H^) 
X = 2g(Am - Am^^,j^^)/m -gp- . (8b) 
For this study, i t was found to be easier to measure the apparent mass 
change of the holder at various standardized field settings and sub­
tract its mass change from the total measured mass change to obtain the 
apparent mass change of the sample. 
Magnet 
The magnetic field is produced by a Harvey-Wells water-cooled 
electromagnet powered by a solid-state power supply capable of pro­
viding 100 volts direct current at 200 amperes, and produces magnetic 
fields up to 2.7 Tesla (T). Only currents less than 125 amperes are 
currently used because of excessive failures In the series pass tran­
sistors of the power supply at higher current levels. At this current 
setting, fields up to 1.5 T are produced at the sample position (see 
Table 1). 
One important aspect of the Faraday method is the preparation of 
2 the magnetic field to give an accurate field constant, d(H^)/dz. This 
field constant must change as l itt le as possTble over the volume where 
the sample will be located, otherwise only samples with the same physical 
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Table 1. Magnet f ield settings 
Magnet 
Current 
Amperes 
J'ref Magnet 
Control 
Approximate 
Field at Sample 
Tesla 
Field 
Constant 
TeslaVmeter 
125 2.8099 1.52 28.223 
110 2.4970 1.36 23.216 
98 2.2019 1.21 18.469 
87 1.9194 1.06 14.182 
75 1.6399 0.90 10.400 
63 1.3611 0.75 7.160 
50 1.0820 0.59 4.538 
1 Tesla 
1 Tesla 
2 6 /meter = 10 gauss 
L 
= 10 gauss 
Vcm 
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dimensions will give the correct susceptibility, in fact, unless the 
operation of the balance does not displace the sample when the weight 
changes, the field constant must be uniform over the length the sample 
moves during measurement. 
The electromagnet generates the proper field gradient by the use 
of two pole pieces designed by Dr. R. Jordan when he was at this Labora­
tory (8). The pole pieces were originally used on a Faraday balance de­
scribed by Spedding and Croat (5) and have a region approximately 3 cm 
high in which the field constant remains unchanged (within +1%) along 
the vertical (z-) direction at all field settings. Then values of the 
field constant can be set by regulating the current to the electromag­
net, Several current settings were chosen and the field constant for 
each was determined by comparing the apparent weight change of a 
National Bureau of Standards (.NBS) palladium standard with a known 
susceptibility as certified by NBS. 
Cryogenics and Sample Holder 
An all-glass liquid helium (LHe) dewar manufactured by Pope 
Scientific Co. is used for the cryostat. This dewar has a l iquid 
nitrogen (LNg) jacket along with the vacuum jacket around the He reser­
voir and a tapered tailstock which fits between the magnet pole pieces. 
The vacuum jacket can be evacuated using a mechanical rotary vacuum 
pump and the inner jacket can be isolated by closing a ground-glass 
stopcock. A Stokes pump can be used to pump on the LHe reservoir to 
obtain temperatures as low as 1,7 K. 
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The sample is placed In a separate vacuum chamber, the lower part 
of which is within the LHe reservoir. The lower sample chamber is a 
glass tube sealed at the bottom and attached to a glass-to-metal seal 
at the top. This in turn is attached to a metal tube using Wood's 
metal, to provide a vacuum-tight seal and yet allow easy disassembly, 
if required. The upper part of the metal tube is attached to a cylin­
drical stainless steel chamber 9 inches high and 17 inches inside 
diameter. In this, the upper part of the sample chamber, there are 
ports for evacuating the sample chamber, an entry valve for admitting 
helium gas into the chamber, Conax vacuum feedthroughs for the elec­
trical connections to the resistance thermometers, heater, two standard 
resistors, and a Cahn model RH electrobalance. The electrobalance is 
positioned on a small table in the upper sample chamber with one arm of 
the balance over the tube leading down to the lower sample chamber. 
Samples are placed in a gold-plated copper bucket. The bucket îs 
threaded to screw onto a gold-plated copper plug, which in turn is 
attached to a fused sil ica glass rod 3 mm in diameter and approximately 
90 cm long by Duco cement. The upper end of the glass rod is inserted 
and glued to a hole in a 4-40 x 1.25 inch brass screw mounted in the 
brass slip ring of the upper support. The upper support is made of 
Number 18 copper wire with two 0-80 nuts soldered to it. Two 0-80 x 1 
inch screws, each with an end sharpened to a point, are used as 
adjustable knife-edges to support the entire sample holder assembly. 
The assembly (with sample) is hung from the sample arm of the electro-
balance into the lower sample chamber such that the sample is in the 
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volume where the field constant has been determined. The knife-edges 
are placed in hemispherical cups hollowed in a brass bar mounted on the 
sample arm of the balance. The 4-40 screw can be rotated in the slip 
ring of the wire holder and, thus, the sample can be aligned to differ­
ent orientations in the magnetic field. A 4-40 brass nut below the 
slip ring allows a particular orientation to be chosen and locked In 
place during an experimental run. Angular measurements of the orienta­
tion are rather crude, but since a high degree of angular resolution 
was not necessary, no provisions were made to try to improve it. The 
present system allows the sample to be rotated and checked for magnetic 
anisotropy, while measurements can be made at any particular orienta­
tion and locked in place. 
The cryostat and sample chamber are mounted on a 22 inch by 22 
inch by 1 inch thick aluminum plate. This in turn is mounted on a 
4 foot by 4 foot by 3 inch thick metal-reinforced concrete slab by 
means of an adjustable X-Y table. The X-Y table allows the cryostat-
sample chamber assembly to be positioned Inside the pole pieces of the 
magnet along either horizontal direction. Four threaded torsion bars 
support the concrete slab from an assembly attached to one of the 
I-beams in the ceiling of the building. The torsion bars are connected 
to each other and an electric motor by a chain-and-sprocket drfve, 
which allows the apparatus to be moved in the vertical direction. In 
this manner, the system can be raised or lowered for maintenance or 
to position the sample holder Tn the magnetic fîeld. Between the X-Y 
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table and the support assembly, the sample holder can be moved and 
positioned in all three directions. 
From the description given above, i t should be noted that the 
whole cryostat-sample chamber assembly is supported from the ceiling 
and not touching the magnet which is mounted on the floor. This was 
necessary because the electrobalance was picking up excessive vibration 
when It had been mounted on the magnet or when it was attached to a 
floor mount. Suspension from the ceiling reduced the vibration to a 
manageable level. 
Thermometry 
Temperature is measured using a set of three resistance thermom­
eters (RTS) - a platinum resistance thermometer (PRT), a germanium 
resistance thermometer (CRT), and a carbon resistance thermometer (.CRT). 
The PRT has a l inear response of resistance versus temperature from 
40 K up to room temperature (300 K) .  Temperatures below 40 K require 
the GRT and CRT to be used. The GRT has been calibrated from 0.9 K to 
70 K, but Its resistance also has a strong response to the magnetic 
f ield. Therefore, the calibration Is good only for zero magnetic f ield, 
the conditions under which it was calibrated. On the other hand, the 
CRT has a much smaller magnetoresis tance than the GRT, which means i t 
is usable in magnetic fields. The CRT's calibration, however, changes 
every time the resistor is warmed above 70 K and is also sensitive to 
humidity. By Itself, It is not a useful standard. But i f its resist­
ance is compared to the GRT at zero field during an experiment, It can 
be used to detect the temperature drift (If any) when the magnetic 
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field is applied. The PRT does not have a noticeable magnetores is tanee 
and is good in,magnetic fields. Therefore, between the GRT-CRT combina­
tion below 45 K and the PRT above 45 K, the temperature can be deter­
mined at any time for the entire 2-300 K range. 
The RTs do not touch the sample holder, but are mounted on a 
Plexiglass plug below it and surround the space the sample holder 
occupies when a sample is loaded. Thermal contact is made between the 
sample holder and the RTs through the admittance of a l iberal amount of 
He gas into the sample chamber as an exchange medium. Before back­
fi l l ing with exchange gas, the sample chamber is evacuated by a mechani­
cal rotary pump to a vacuum of 15 mill itorr or better. While efforts 
are made to admit the same amount of gas each time, no measurements of 
the exchange gas pressure were made because none of the gauges con­
nected to the system are sensitive enough at that pressure. The only 
criterion was to always have an exchange gas pressure of at least 100 
mill itorr at all temperatures. As a result, the exchange gas pressure 
probably changes greatly, especially below 5 K where He begins to 
liquefy. Since the volume of the sample holder is constant and the 
pressure throughout the sample chamber is uniform, no buoyancy effects 
should arise which would have a noticeable effect on the balance during 
the course of a measurement. 
The RTs are wired in series along with two ±0.005% standard resist­
ance of 100 ohms and 1000 ohms. Wires are attached to measure all 
resistors via a four-wire method, i.e., measure the voltage drop across 
each resistor with a Data Precision model 3500 digital voltmeter COVM). 
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The high input resistance of the DVM (>10 megohms) means the lead 
resistance can be neglected, as in a potentiometric measurement. By 
comparing the voltage drop across each of the RTs and standards, the 
resistance of each RT is determined. 
Force Measurement 
As previously mentioned, the force is measured using a Cahn model 
RH recording electrobalance. This unit has a resolution of 2 micro­
grams and a maximum load of 100 grams. The control unit has a voltage 
output that is proportional to the force on the balance arms and was 
calibrated so 1 volt output equals 1 gram weight. The output is 
measured on the DVM used to measure the RTs. Since the DVM has a 
resolution of 1 microvolt and displays 5 1/4 digits, a maximum of 
±0.120000 grams can be measured without changing scale. A binary-
coded decimal (BCD) Interface Is built Into the DVM and Is accessible 
through a 44-pIn plug-in connector on the back of the DVM. 
Heater Assembly 
A double-helical wound heater made of number 34 manganin wire is 
used to maintain temperatures below 300 K. The heater is wound on a 
1 inch diameter by 6 inch long copper tube and wrapped with Teflon 
tape. The Plexiglass plug which holds the RTs is mounted on the bottom 
and the sample holder is suspended In Its center. Two stainless steel 
rods 1/8 inch diameter support the heater-RT assembly from a ring 
mounted at the top of the lower sample chamber. The heater leads and 
RT leads are run along these supports and are occasionally tacked to 
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the rods with GE varnish to keep them in place. At the top, the leads 
terminate at a l4-pin plug-in connector mounted on the support ring. 
When the balance is removed, this assembly can be l ifted out as a unit, 
allowing the heater and RTs to be serviced or replaced without removing 
the dewar and disassembling the lower sample chamber. 
Computer 
One feature of the Faraday susceptibility apparatus used in this 
study which has greatly improved its operation and capabilities is that 
it is computer controlled. Figure 1 is a block diagram showing the 
various parts of the equipment and directions of data flow. The heart 
of the control is an Altair model 8800 microcomputer. This microcom­
puter uses the Intel 8080A microprocessor integrated circuit as its 
central processing unit (CPU). Presently, the microcomputer is con­
figured with 32 K bytes of memory (8 binary digits = 1 byte, 1024 bytes 
= 1 K byte), 2 serial input-output (I/O) ports, 4 parallel I/O ports, 
an audio cassette I/O port, and an 88-MDS minidiskette I/O port and 
disk drive. The serial I/O ports are connected to a Lear-Siegler model 
ADM-3 video terminal and a Digital model LA36 Decwriter to provide 
input and output for the operator. The audio cassette and minidisk 
system are used for program and data storage. Input and output between 
the apparatus and the microcomputer go through the four parallel I/O 
ports. These ports are conditioned to receive the proper signal levels 
and polarities from the instrumentation by using an interface built by 
the Ames Laboratory Electronics Shop. The interface has a bank of 
relays for switching the DVM between the RTs, standard resistors, 
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CRT 
Terminal 
Floppy 
Disk 
MUX. 
Balance 
DEC-
WRITER 
Manual 
Heater 
Control 
Heater 
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Control RTD's 
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Probes 
Altair 8800 
DATA AQUISITION SYSTEM 
CONTROL AND DATA FLOWCHART 
Figure 1. Flowchart for data and control systems 
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balance output, and two Hall probes. Two power supplies (+5V and ±15V) 
provide power to run the interface and experiment, i.e., thermometer 
current, heater current, etc. A set of relays in the interface switch 
the magnet's field on and off and reverses the thermometer current (to 
compensate for any thermal EMFs which may be present). Two 8-bit 
digital-to-analog (D/A) converters and their associated current regula­
tors allow the heater and thermometer currents to be incremented in a 
stepwise manner by the microcomputer. Signal l ines to and from the DVM 
enable the microcomputer to cause the DVM to take a measurement and 
hold the value ('f ire' the DVM), and allow the DVM data to be read by 
the microcomputer. All functions of the interface can be called by the 
microcomputer using the appropriate input and output commands, either 
directly by the operator or indirectly through a program being executed 
by the microcomputer. Therefore, by performing the proper inputs and 
outputs in the correct sequence, the microcomputer can measure all of 
the parameters necessary for control of the experiment and measurement 
of the magnetic susceptibility and temperature of the sample. Obviously, 
the operator can do this manually from the video terminal or Decwriter, 
but the real power of the system becomes evident when under computer 
control. With the properly designed program, the control and data 
acquisition is automatic, allowing the operator to perform other tasks, 
or even correct or repair part of the system without stopping the 
experiment. Computer control of this system is also much faster than 
possible by manual control, so the microcomputer is able to take more 
data points in the same length of time than the operator can unaided. 
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This also allows the computer-controlled experiment to take data points 
spaced closer together than when under manual control and acquisition. 
The raw data obtained by the microcomputer are stored in two forms -
printed copy and magnetic data storage on the minidisk - so data are not 
lost if one of the copies is destroyed or misplaced. Data reduction 
can also take place in the microcomputer, saving time from having to 
enter data obtained in an experiment into a mainframe computer. One 
real advantage of this feature is the immediate display of the results 
of a measurement during an experiment. In this case, the microcom­
puter can measure, reduce, and then display the magnetic susceptibility 
during the course of the experimental run. This feature allows the 
operator to observe trends in the magnetic susceptibility as the experi­
ment progresses and, i f a region of particular interest is observed, 
the operator can instruct the microcomputer to scan that region in 
more detail. Therefore, experiments will not need to be repeated 
because earlier measurements were not carried out in sufficient detail -
a fact unknown to the experimenter until the data are reduced. In the 
same l ine of thought, drastic departures from the results expected may 
be indicative that parts of the equipment are not functioning properly, 
so the operator can be alerted to check whether the equipment is 
working, or if a malfunction is causing spurious data and the experi­
ment should be halted for repairs, fn most other cases, these problems 
are discovered after the fact; under computer control the problem can 
be diagnosed as i t îs happening. 
20 
While it should not be applied unless absolutely necessary, the 
microcomputer can also help correct some deficiencies of the experi­
mental setup. For example, i t was mentioned earlier that the electro-
balance suffered from excessive vibration. One reason the vibration 
could be brought down to manageable levels was because the microcomputer 
could 'f ire' the DVM and record the result faster than a human operator. 
During an experimental run, vibration can cause the DVM reading to vary 
as much as 0.9 milligrams peak-to-peak. It would be almost impossible 
to resolve a reading to 0.01 milligrams with vibrations of this 
magnitude by conventional means. But under computer control, the DVM 
can take a series of readings as the value changes, over several cycles 
of the change. The program then takes the average value of these 
readings - a sort of 'zeroth-order• digital fi lter - and use the 
average value for data reduction. This example is a worst-case example, 
but i t was found that consistent results could be obtained in this 
manner which could not be realized before. Therefore, in this case, 
the microcomputer was able to extend the range of the apparatus. 
The computer program to control the Faraday balance and run the 
experiment is written in the computer language called BASIC. A 
machine language program could have been written in its place and would 
have run faster, but machine language programs are more difficult to 
modify and troubleshoot than a program written in a high level 
language such as BASIC. BASIC is easy to learn and the structure is 
similar to FORTRAN and, thus, i t Ts an advantage to have the control 
program written in a high level language, especially if several persons 
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use the equipment. Speed is not an overwhelming consideration here 
since even using the BASIC program, the microcomputer spends much more 
time waiting for the equipment to send it data than the experiment is 
held up by the program's execution. 
Experimental Error 
During the course of thé experiments, the holder's susceptibility 
and the field constants were measured and remeasured several times. 
Often this was necessary because the glass rod holding the sample 
holder had broken and the replacement rod was a few mill imeters longer 
or shorter. Variations of the field constant derived from these 
repeated calibrations were within ±1% of the values listed in Table 1; 
therefore, the absolute accuracy of the measurements is expected to be 
1%. The relative accuracy is based on the resolution of the balance 
and the amount of sample being measured. As a system, the balance 
could repeat weighings within ±20 micrograms. Since the susceptibili­
ties of the samples were roughly known, efforts were made to use enough 
sample to produce an apparent mass change (for the sample alone) of at 
least 10 mill igrams (jng). This was achieved for all but two samples 
(0.57 and 1.4 at.% hydrogen in lutetfum, which had mass changes of 
about 8 mg). No samples had a mass change greater than 20 mill igrams. 
Therefore, the relative accuracy is 0.25% for the worst case and 0.1% 
for the best. 
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RESULTS 
Scand î urn-Hydrogen 
The susceptibility versus temperature was measured for two elec­
trotransport purified scandium single crystals as well as two poly-
crystalline scandium-hydrogen alloys. It was necessary to orient the 
single crystals in the magnetic field to measure both the hard direc­
tion (x ) and the easy direction (% ), while the polycrystal1ine samples 
were checked at room temperature for anisotropy-orientation effects. 
In the case of the polycrystalline samples, the total anisotropy was 
found to vary less than 
Figure 2 shows the susceptibility versus temperature for single 
crystal scandium. Also shown are data from 2 to 70 K taken earlier by 
Spedding and Croat (5). Above 70 K, the data taken in this study 
match the data of Spedding and Croat to better than 0.2% - well 
within the experimental accuracy of both measurements. This is the 
first time agreement was obtained in the susceptibility of two differ­
ent scandium samples over an extended temperature range, therefore 
demonstrating that the purity is reaching levels at which the true 
nature of pure scandium is becoming apparent. 
Below 70 K, however, the departure of the results obtained in the 
present study from the previous results is interesting. The minimum of 
X at 6 K and the subsequent increase with decreasing temperature is 
enhanced in the electrotransport purified scandium compared to the less 
pure material. It was considered by some that this unusual x vs. T 
behavior, f irst observed by Spedding and Croat, was caused by the iron 
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Figure 2. Susceptibility versus temperature for pure scandium single crystals, 0-30Q K 
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impurities in the scandium and that removai of these impurities would 
eliminate the anomaly (9). However, this study shows that the behavior 
is intrinsic to scandium and not an impurity effect. Figure 3 shows an 
expanded scale of the susceptibil ity from 0 to 50 K. Three points were 
measured below 1.7 K by Shelton and Klavins of this Laboratory using an 
AC susceptibil ity bridge and, by normalizing their results above 1.7 K 
with the data of this study, they were able to determine an absolute 
value of the magnetic susceptibil ity (10). The lower temperature 
points confirm the rapid increase in x as T approaches 0 K. 
Field dependence studies were also made for each orientation at 
4.2 and 1,7 K. Within experimental error at the lowest f ield (1%), 
no f ield dependence was detected at either temperature. The approxi­
mate magnetic f ield ranged from 0.9 T to 1.6 T. 
Figure 4 shows the results of the susceptibil ity versus tempera­
ture measurements of the two scandium-hydrogen alloys. Also shown is 
the susceptibil ity of the electrotransport purif ied scandium single 
crystals (using the relationship Xp^^y = 2/3 Xg + 1/3 x^ to generate a 
value for pure polycrystalIine scandium) and the results of Spedding 
and Croat's study (5). 
Lutet i  um-Hydrogen 
Measurement of the magnetic susceptibil ity of the lutetiurn-
hydrogen alloys versus orientation In the magnetic f ield at room tem­
perature showed the samples were not randomly oriented polycrystall ine 
materials. Each sample showed some anisotropy of susceptibil ity with 
orientation, from 0.5% to 11.3% difference between the largest and 
8.8 
/le DC ' 
° o THIS STUDY 
 ^ SPEDDING and CROAT 
8.6 
O) 
g 8.4 
(D 
i  i 
g 
X 
X 8.2 
o o 8.0 
0 50 10 20 30 40 
T,K 
Figure 3. Susceptibil ity versus temperature for pure scandium single crystals, 0-50 K 
9.0 
ELECTROTRAN SPORT 
PURIFIED Se 
(2V3 x, + "3Xg) 
8.0 
7.0 
1.47 at. %H 
1.87 at. %H 
2.4 at. %H 
SPEDDING 
AND CROAT 
6.0 
12.53 at. %H 
5.0 
4.0 
25 at. % H 
"OO 
3.0 
100 0 200 300 
T, K 
Figure A. Susceptibil ity versus temperature for scandium-hydrogen alloys 
27 
smallest values measured for each sample. Table 2 l ists the highest 
and lowest susceptibil ity measured for each sample at room temperature. 
The cause of this anisotropy is probably preferred orientation of the 
grains in the samples. However, there should not have been any texture 
to the microstructure of the samples because they were heat treated 
using the method prescribed by Spedding and Croat (7) after arc melting 
but before hydrogénation ( l). X-ray diffraction patterns using the 
Laue method were tried for two samples, but no single crystal pattern 
was generated, although the spots on the X-ray pattern showed that the 
grain size was fairly large. It is possible that during hydrogénation 
secondary recrystal1ization occurred, which would result in preferred 
orientation and, therefore, magnetic anisotropy. However, this mecha­
nism would not account for the anisotropy of the electrotransport 
purif ied lutetium. In this case, the anisotropy may result from exces­
sive grain growth, which normally occurs during the process of 
electrotransport. 
From Table 2, the largest anisotropy (l1.3%) is about 70% of the 
anisotropy found in single crystal lutetium (15%) (7). To normalize 
the data for all of the samples studied, each alloy was oriented to 
give a value of susceptibil ity (which corresponded to the relationship 
previously determined (7)) equal to 1/3 of the lowest reading plus 2/3 
of the highest reading. Figures 5 and 6 display the normalized data 
as plots of susceptibil ity versus temperature. Below 50 K, the cross­
over of the data on the graphs is confusing, so Figs. 7 and 8 display 
the data as a plot of susceptibil ity versus hydrogen composition along 
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Table 2. Magnetic anisotropy in lutetium-hydrogen samples studied 
Sample Susceptibil ity x 10 emu/gram at 295 K Anisotropy 
Composition 2/3 Highest Difference 
at.% H Highest Lowest + 1/3 Lowest % of Lowest 
0.018 1.065 0.980 1.038 8.5 
0.035 1.046 1.040 1.044 0.6 
0.105 1.051 1.046 1.049 0.5 
0.22 1.088 1.008 I.06I 8.0 
0.57 1.109 0.996 1.071 11.3 
1.4 1.098 1,018 1.071 8.0 
3.2 1.055 1.042 1,050 1.3 
6.0 1.026 0.991 1.013 3.5 
Lu-H ALLOYS 
° 0.018 at.%H 
^ 0.035 at. % H 
°  0.103 at .  %H 
0.22 at.  %H 
emu/q 
300 
5. Susceptibil ity versus temperature for lutetîum-hydrogen alloys, 0.018-Q..22 at.% hydrogen 
Lu-H ALLOYS 
o 0.57 at. % H 
^ ' .4 at.  %H 
G 3.2 et. %H 
• 6 at. % H 
emu /g 
300 
gure 6. Susceptibil ity versus temperature for lutetium-hydrogen alloys, 0.57-6 at.% hydrogen 
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curves of constant T. One trend visible in the x versus T plots is the 
shift in the maximum near 120 K of pure lutetium toward lower tempera­
tures as the hydrogen content is increased. At 3.2 at.% hydrogen and 
above, the maximum vanishes. Figures 7 and 8, however, are more useful 
for comparison with the low-temperature heat capacity results (1). 
Above 100 K, the susceptibil ity versus composition curves show an 
increase in x as the hydrogen content increases to maximum in x near 
0.6 at.% hydrogen and a subsequent decrease in x for higher hydrogen 
concentrations. This behavior is similar to the changes in 8^ and y 
found by Thome et al. (l) in the low-temperature heat capacity measure­
ments made on these samples. 
Below 100 K, the trends are different and more complex. At 100 K, 
the maximum observed above this temperature begins to shift toward 
higher hydrogen content, unti l at 10 K the maximum occurs at 3.2 at.% 
hydrogen. Furthermore, a second maximum and two minima develop below 
10 K. The 100 K curve is also quite f lat between 0.57 at.% and 1.4 
at.% hydrogen content, which marks i t  as a boundary between high 
temperature and low temperature behavior. This low temperature section, 
especially for temperatures below 10 K, is not consistent with the 
concentration dependence of y reported by Thome et al. in that the 
electrotransport purif ied lutetium has a larger susceptibil ity than 
the 0.035, 0.105, and 0.22 at.% hydrogen samples, while for y versus 
hydrogen content the electrotransport purif ied lutetium has the lowest 
Y value. This large Increase in susceptibil ity at lower temperatures 
for the purest lutetium sample Is significant, because such Increases 
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are usually caused by ferromagnetic or paramagnetic impurities, yet 
the purity of this sample is orders of magnitude purer than any previ 
sample, and also better than the lutetium alloys containing higher 
hydrogen contents. 
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DISCUSSION 
In the metall ic state, the +3 valence of scandium and lutetium 
means that there are no partially f i l led ^ -electron shells; the shell 
Is completely f i l led (Lu) or totally empty (Sc). Therefore, the Curie's 
Law contribution to the total susceptibil ity, which in systems with 
partially f i l led 't^-shells is usually dominant, is not present, and the 
contributions to the magnetic susceptibil ity can be written as 
V = ydia ^ para ^ dia + para + (q) 
total core ^Pauli ^Landau van Vleck other 
where is the contribution of the core electrons, 'S the 
^core Paul I  
free-spin contribution of the conduction electrons, Xlandau ® diamag-
netic effect of the conduction electrons, x' '^'"^ui , is an orbital 
van Vleck 
effect of the and ^-electrons, and Xq^^er consists of other possible 
terras such as X,,xchange' "correlation' "spin' 'hese terms, only 
the Xgther expected to have any temperature dependences associated 
with i t. The Paul I  paramagnetism has usually been considered to be 
larger than any of the other terms, although the Landau diamagnetism in 
the free-electron approximation has 1/3 the magnitude of the Paul I  
paramagnetism, and the van Vleck term may also be significant compared 
to the Paul I  term. However, In the measurements of scandium and 
lutetium made In this study, the major contributions to the temperature 
dependences of the susceptibil it ies seem to come from the 'minor' terms. 
Theoretical expressions for the Paul I , Landau, and van Vleck terms 
can be derived using the free-electron model of metals (11). The 
Pauli term results In a relationship to the density of states at the 
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Fermi surface, which is 
Xpauli(O) = -2p^ J n(E(0))( ^)de (10) 
where Vg = a Bohr magneton, E(0) = the Fermi energy, df/dE is the 
derivative of the density of states function with respect to the energy 
E, and n(E) = the density of states at energy E. The expression for 
the Landau contribution is identical except instead of a constant of 
-2 in the beginning, the constant is +2/3. This results in X^a^dau ~ 
-1/3 Xpgyjj- A solution for the van Vleck term requires the use of 
perturbation theory, with the result 
where N = the total number of states, u^ = a magnetic moment operator 
connecting ground state 0 with excited state n, and A = E^ - Eg = the 
energy difference between the excited state and the ground state. 
The Pauli and Landau terms can be compared to the expression for 
the electronic specific heat term 
for Yq = the electronic specific heat term at T = 0 and k = Boltzmann's 
constant. In each case, the Pauli and Landau magnetic susceptibil ity 
terms and the electronic specific heat capacity term are related to the 
density of states at the Fermi surface "(Eq). Therefore, the magnetic 
susceptibil ity terms can be calculated once the value of the electronic 
<nIu^I0>^ 
01) A 
(12) 
37 
specific heat term has been determined, by the following equation 
Xpauii^^) ~ X 10 ^)/molecular wt. (13) 
where Xpgjj] j(0) is the susceptibil ity at 0 K in units of emu/g and Yq 
is the value of the electronic heat capacity at 0 K obtained from a 
2 band-structure calculation, in units of mJ/gram-at.K .  For the Landau 
term, the equation would be the same except the constant would be 
-2.29 X 10 When combining the Pauli and Landau terms, one would use 
the constant 4.58 x 10 
Often, when all of the terms thought important to the susceptibil ity 
have been calculated, the sum of these terms (the theoretical value of 
the susceptibil ity) does not equal the experimental value found. In 
the case of enhanced paramagnetic systems, the experimental susceptibil­
i ty is larger than the theoretical value. These are usually related by 
defining a parameter called the Stoner enhancement factor, which is 
^ ~ Xexpt.^^theory '  
Systems with large spin fluctuation contributions (Xgpj^,) have a large 
(greater than 1.5) Stoner enhancement term. 
It is also possible to f ind systems with large spin fluctuation 
terms by comparing the experimental value of the l inear term of the 
low-temperature heat capacity to the theoretical value for the elec­
tronic specific heat as calculated from band-structure calculations. 
The theoretical value for Yq can be computed using Eq. (12) and the 
band-structure value of the density of states at the Fermi surface. 
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This relation is 
YQ(expt.)/YQ(theory) = m /m = m(l + (15) 
îV 
where m is the mass, m is an effective mass, and is a reduced 
effective mass coefficient, which can be broken down into different 
contributions. Almost all systems have an electron-phonon coupling 
term ( X  )  which is generally of the order of 0.3 (except for strongly 
e~p 
coupled superconductors), while systems with large spin fluctuation 
terms wil l have a spin term (A^^.^) (12), i .e., 
spin 
\.tal " ^e-p + ^spln '  
Scandium-Hydrogen 
The temperature dependence of the susceptibil ity of pure scandium 
is quite interesting, especially the enhancement of the minimum near 
6 K and the rapid increase as temperature decreases below 6 K. I t 
would seem, since the samples are an order of magnitude more pure than 
anything previously available, that this effect is intrinsic to scandium. 
Just as interesting is the trend observed tn the anisotropy (x^ - Xg) 
as the temperature drops toward 0 K, Figure 9 displays the anisotropy 
versus temperature for this study, along with the results of Speddtng 
and Croat (5). Below 2 K, the anisotropy decreases and the extrapo­
lated value at 0 K appears to go to zero, possibly even changing sign. 
This trend is just noticeable at the lower end of the measurements made 
with the Faraday balance Cx^q)> but the data from the AC brtdge measure­
ments (x^q) confirms this decrease in anisotropy (30), The increase 
AC D'C 
D o This Study 
A Spedding & Croat 
.50 
.40 
.30 
u 
.20 o 
100 80 20 40 60 20 
T, K 
Figure 9. Magnetic anîsotropy of scandium versus temperature, 0^20 K and 0-100 K 
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In susceptibil ity as temperature decreases is thought to be caused by 
the tendency for the 3^~electron to order magnetically, but whether this 
Is significant with regards to the reduction in anisotropy is not known. 
No other materials are known to exhibit such a drastic change in 
anisotropy. 
Several researchers have computed band-structure calculations for 
scandium (13-16). The most recent ( l6), using a method developed by 
Ziman, also known as the KKRZ method (17), produces a y value of 3.437 
2 2 
mJ/g-at.K .  This compares to the experimental value of 10.334 mJ/g-at.K 
(6). Calculating the value for using Eq. (15) gives a value of 
^ = 2.007. With the accepted value for A equal to O.3O, the re-total e-p 
sultant value for (assuming there are no other contributions) Is 
1.707. This is evidence of a system with large spin fluctuations. More 
evidence is seen when the theoretical value of the susceptibil ity Is 
calculated from the theoretical value of Yq and Eq. (13) with the re­
sult X^heory ~ 5.25 x 10 ^ emu/g. Using the experimental value of 
x(0) = 8.77 X 10 ^ emu/g, Eq. (l4) gives the Stoner factor as 
S = 8.77 X ]0"*/5.25 X 10"* = 1.67 (17) 
for the pure Paul I  term, without any other contributions. When the 
Landau term is taken into account, the result from Eq. (13) becomes 
3.5 X 10 ^ emu/g, and then the Stoner enhancement term is 
S = 8.77 X 10'^/3.5 X 10"* = 2.51 .  (18) 
The large values for and S suggest that spin fluctuations 
play an important role In governing the susceptibil ity and low-
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temperature heat capacity of scandium. Researchers in this Laboratory 
have recently been able to quench spin fluctuations at magnetic f ields 
of 2.5 Tesla and above, using the same samples from which magnetic 
suscept ib i l i ty  was measured CI8) .  
Most theoretical treatments of the susceptibil ity have dealt with 
the maximum near 30 K, since the lower-temperature data were thought to 
be spurious. Das used Stoner theory to model the maximum tn x about 
30 K (14). A better f i t was obtained by Barnea, who used the Fermi 
l iquid model (19)• These f i t parameters, however, were matched to 
Spedding and Croat's data (5). The Fermi l iqutd model states that the 
susceptibil ity maximum should follow the relationship 
X(T) = xCO) -  T^/eJ InlT/Gg) 09) 
where xCO) is the value which the f i t to the susceptibil ity wil l have 
at 0 K, and 0^ and 0^ are two adjustable f i t parameters. This equation 
was f i t to the data from this study for both x and x_ using a least 
2 
squares f i t on the T In T plot. The results are 
Xg(T) = J0"^C8.37 -  CT/45.6)2 ln(T/39.6))  C20) 
and 
XgCT) = 10"^C7,90 -  CT /35.6)^ lnCT /52.5)}  ,  (21) 
Comparison can be made to Barnea's result for x^.» which is 
X^(T) = ]0"^(8.2 - CT/52.3)^ lnCT/43,7)) , C22) 
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The difference between the f i t obtained in this study and Barnea's 
result arises from the difference in susceptibil ity between this study 
and the results of Spedding and Croat below 50 K, which Barnea used for 
his f i t. 
The results of the two scandium-hydrogen alloys measured (12.53 
and 25 at.% hydrogen) were similar to earlier results (5). Addition of 
hydrogen eliminated the 30 K maximum and 6 K minimum, and in general 
tended to lower the susceptibil ity. It should be pointed out, however, 
that the lowest concentration of hydrogen in the samples measured in 
Ref. 5 was 1.5 at.% hydrogen. Except at the lowest temperatures, sam­
ples of this hydrogen content or higher would not have exhibited the 
behavior found in the lutetium-hydrogen alloys. Therefore, i t  should 
be noted that there may be an effect on scandium at low hydrogen con­
centrations (less than 1 at.%) similar to that found in lutetCum. It 
would be interesting to find out i f the phenomenon found in lutetium 
existed in other systems. 
A l inear least squares f i t of the data from this study to a 3/x 
versus T plot was run on the data between 70 K and 300 K, and a f i t 
with a coefficient of correlation better than 0,99.8 was obtained for 
the Curie-Weiss constants. The f i ts gave values of the Curie tempera­
ture and effective magnetic moment of -1620 K and 2,61 for the 
12.53 at.% hydrogen content, and -5710 K and 1.47 Vig for 25 at.% 
hydrogen content. Values of the Curie temperature which are negative 
and this large have no physical meaning, but when compared to the 
value for pure scandium (which is -847 K (5)), shows that the 
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susceptibil ity as a function of temperature is flattening out as 
hydrogen is added and that the spin contributions to y and x are being 
reduced by hydrogen additions. The values of the effective moment would 
also indicate that the effective moment increases from 1.65 Pg for 
pure scandium to 2.61 Pg at 12.53 at.% hydrogen and then decreases, 
reaching 1.4? Pg at 25 at.% hydrogen. ThTs is also consistent with the 
results of Spedding and Croat (5) which found the effective moment 
increased to 1.66 Pg at 2.4 at.% hydrogen. The exact location of the 
peak is not determined since there is such a large gap (10-12 at.%) 
between samples. Again, however, the effective moment values have no 
physical significance in this case and, especially for the higher 
hydrogen content alloys, are merely fît parameters for comparisons only, 
Lutetiurn-Hydrogen 
Band-structure calculations for pure lutetium have been computed 
by several researchers. The most recent and complete calculation known 
is the one by Harmon and Tibbets (20), and i t is used herein. Their 
results show that the density of states at the Fermi surface is 23.48 
states/Rydberg-atom. From this figure, the value for Yq Cusing 
Eq. Cl2)) is given by 
Yq = 23.48/5.7722 = 4,068 mJ/g-at.K^ , C23) 
This can be compared to the experimental value of Thome et al. of 
8.194 mJ/g-at.K (I). As in the case for scandium, the experimental 
value is enhanced by electron-phonon interactions and electron-electron 
interactions (spin fluctuations, of which the contributions can be 
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estimated using Eq. (15)) • Solving this equation yields 
?exp,./?0 = G '94/4.068 = (1 = 2.014 (24) 
SO At t 1 = 1.014. The value of X  is estimated to be 0.31 for total e-p 
iutetium (21), which leaves X  . equal to 0.704. While not as large 
spin 
a value as that obtained for scandium, this spin enhancement factor 
makes Iutetium another candidate in which spin fluctuations could be 
quenched in magnetic f ields, possibly as low as 10 Tesla. 
Equation (13) can be used with Yq to calculate a theoretical 
value for the susceptibil ity, which for the pure Pauli term is 
Xq = 6.875 X 10"5 X 4.068/174.97 = 1.576 x 10"^ (25) 
which is higher than the experimental value of 1.276 x 10 ^ emu/g 
(extrapolated to 0 K). When Eq. (13) is solved for both the Pauli and 
Landau terms, the value for Xq becomes 1.065 x 10 ^ emu/g. In this 
case, the Stoner enhancement factor as solved from Eq. (14) is 
S = 1.276/1.065 = 1.199 (26) 
assuming all other contributions to the susceptibil ity are negligible. 
Again, the enhancement is not as large as the Stoner enhancement of 
scandium, but since i t is slightly greater than one, i t  may be possible 
to quench spin fluctuations, although i t wil l probably take magnetic 
f ields much greater than 5 Tesla to observe this. 
It was previously mentioned that the relative changes of suscep­
t ibil i ty with hydrogen composition are similar to the changes of y with 
composition only for the high temperature portions of the susceptibil ity 
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curves (above 100 K). Since the heat capacity data were taken at tem­
peratures below 20 K, the changes in y and x with hydrogen content 
should correlate i f the influence of the addition of hydrogen is 
manifested only in the electronic effects. However, there are signifi­
cant differences in the concentration dependencies of y and x» Y as 
derived from the low-temperature heat capacity measurements is affected 
by terms other than pure electronic terms - primarily lattice vibra­
tions (12) and, in the case of hydrogen, hydrogen tunnell ing (22,23). 
Magnetic susceptibil ity, on the other hand, Is not known to be affected 
by these terms. Therefore, as long as a good theoretical band struc­
ture model exists for use as a basis, the variations of % with composi­
t ion should give a better picture of the pure electronic effects of 
alloying hydrogen than the heat capacity measurements» One way to 
express this, and compare the results with the heat capacity results, 
is to reverse Eq. (13)» and solve for Yq from the measured susceptibil­
i ty values using the reversed Eq. (13) along with Eq. (14). Table 3 
shows the values of Xg» Ygxp^ (J), Yg computed from Xg (assuming 
the Stoner  enhancement  remains  unchanged fo r  a l l  a l loys) ,  "  Yg 
(called Ay) ,  and Ay "  Ayg  g^g  (the excess specific heat, compared to 
the purest sample). The values for Xg were obtained by a l inear 
extrapolation of 1/x versus T for data below 6 K and taking the 
intercept at T = 0. The quantity Ay -  Ayg g^g, the excess specific 
heat, is a measure of the change on the electronic specific heat term 
as a function of hydrogen content which ts not purely due to conduction 
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Table 3. Lu te t i  urn-hydrogen electronic specific heat constants 
Composition Xexpt.(O) Yexpt.fO), ^0 ,  
at.% H emu/g mJ/g-at.K mJ/g-at.K (O)-Yq Ay-AYq q^q 
0.018 1.276 8.194 4.068 4.126 0 
0.035 1.161 8.351 3.701 4.650 0.524 
0.105 1.200 8.650 3.826 4.824 0.648 
0.22 1.201 9.234 3.829 5.405 1.279 
0.57 1.181 9.769 3.744 6.025 1.899 
1.4 1.213 11.126 3.823 7.303 3.177 
3.2 1.243 10.354 3.850 6.504 2.378 
6.0 1.162 9.102 3.472 5.630 1.504 
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electrons, since significant changes to pure conduction electron effects 
should show up in the magnetic susceptibil ity. 
The erratic behavior of the susceptibil ity versus composition at 
temperatures below 10 K (see Fig. 8) would make the data suspect, 
especially in view of the anisotropy of the samples. However, the 
results of Spedding and Croat (7) showed the anisotropy of lutetium 
(from single crystal data) to be essentially constant with respect to 
temperature above 2 K. Therefore, any changes to the lutetiurn-hydrogen 
data as a result of anisotropy effects should merely shift the data 
equally at all temperatures, which means that the anomalies observed 
would sti l l  be present at all temperature regimes. For thfs reason, 
i t  is believed that the data reflect some fundamental properties of 
hydrogen on the magnetic susceptibil ity of lutetîum, although because 
of the samples' anisotropTes the exact shapes of the curves may be in 
doubt. I t is in cases l ike this that measurements using single 
crystals would eliminate any questions of vaUdity, since the easy and 
hard directions can be studied and analyzed without ambiguity. 
CONCLUSIONS 
The measurements of the magnetic susceptibil ity of single crystal, 
high purity scandium have shown that the low-temperature maxima and 
minima observed previously are intrinsic to scandium (5). The reasons 
for this effect are not yet wel1-understood, but i t  is thought that this 
is caused by a tendency to order magnetically - that is, the scandium 
3^-level is tending toward magnetic ordering. 
While the trends for pure lutetium and lutetium-hydrogen alloys are 
not as clear-cut, there are definite effects on the susceptibil ity of 
lutetium from hydrogen additions. The lack of correlation to low-
temperature heat capacity data on the same samples would also indicate 
that unknown mechanisms influence the basic properties of lutetium. 
Hydrogen tunneling is not eliminated as a possibil ity, since the dis­
crepancies between electronic specific heat constants derived from 
magnetic susceptibi1fty and low-temperature heat capacity data indicate 
that there are large contributions, from terms other than those due to 
pure conduction electron interactions. However, the susceptibil ity 
data do indicate that the conduction electron interactions are 
nontrivial, although the data may not be highly reliable because of the 
samples' microstructures. Measurements of single crystal alloys should 
remove any ambiguity. 
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APPENDIX A: ANALYSIS OF STARTING MATERIAL 
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Tab le  4 .  Mass  spec t romet r î c  and  vacuum fus ion  ana lyses  o f  e lec t ro -
t ranspo r t  pu r i f i ed  Sc  
S ta r t i ng  Po lyc rys ta l1 ine  a -axes  Crys ta l  c -axes  Crys ta l  
Impur i t y  Ma te r i a l  (ppm a tom ic )  (ppm a tom ic )  (ppm a tom ic )  
H 357 
C 37 
N 26  
0  2 6 7  
F 2 8  - -  - -
Al  0 .6  2  0 .7  
S i  0 .80  2  0 .60  
Ca  0 .50  2  0 .20  
Fe  30  2  0 .70  
Co  0 . 6 7  < 0 . 5 0  < 0 . 0 5  
NI  7  0 .50  <0 .1  
Cu  20  6 .1  2 .5  
Y  6  10  10  
La  3 . 6  6 . 1  7 . 8  
Ce 0 . 7 8  1  0 ,9  
Gd  0 ,71  5 .5  8  
Tb  0 ,20  0 ,88  1 .1  
W 11 16 77 
^A11  o the r  subs t i t u t i ona l  Impur i t i es  l ess  than  1  ppm a tom ic  i n  
the  e lec t ro t ranspo r ted  samp les .  I n te rs t i t i a l  Impur i t i es  were  
no t  checked  a f t e r  e lec t ro t ranspo r t ,  bu t  a re  l ess  a f t e r  e lec t ro  
t ranspo r t  pu r i f i ca t i on .  
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Tab le  5 .  Chemica l  ana l ys i s  o f  Lu - I ,  Lu - l l ,  and  Lu - l l l .  Hyd rogen ,  
n i t r ogen ,  and  oxygen  a re  f rom vacuum fus ion  ana lys i s ;  a l l  
o the r  e lemen ts  a re  f rom mass  spec t romet ry .  A l l  a re  a tom ic  
ppm ( f rom Thome (24 ) ) .  
Element Lu-I Lu-ll Lu-lll* 
H 1050 < 175 350 
Li < 0.007 < 0.001 -
Be < 0.002 < 0.002 -
B < 0.05 0.2 < 0.02 
C 90 100 100 
N 13 none detected 113 
0 610 82 635 
F < 0.005 < 0.4 0.02 
Ne < 0.02 < 0.1 -
Na 0.9 O.I 0.9 
Mg < 0.3 < 0.1 0.7 
A1 1 0.50 13 
s r  < 3 0.50 40 
p 0.1 0.1 0.2 
s  0.4 2 0.5 
CI 0.6 3 -
Ar < 0.2 <  2  -
K 1 < 0.02 0.9 
Ca 0.40 < 0.4 3 
Sc • 1  0.10 2 
T? 1  2.6 3 
V 0.04 < 0.01 1.5 
Cr 0.3 0.2 2 
Mn < 0.09 <0.02 1.5 
*Mass spectrometrfc values reported are for the lutetlum sample be­
fore electrotransport purification; the N, and 0 values were 
obtained after electrotransport purification In 1977. 
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Tab le  5 .  ( con t i nued )  
Element Lu-1 Lu-11 Lu-lll 
Fe 10 I 100 
Co < 0.04 < 0.04 1.3 
Nl 1 < 0.2 20 
Cu 5.0 < 0.03 20 
Zn 0.04 < 0.02 0.8 
Ga < 0.04 < 0.02 
Ge < 0.06 < 0.1 
As < 0.02 < 0.02 
Se < 0.02 < 0.01 <0.1 
Br 0.03 0.02 < 0.1 
Kr < 0.3 < 0.06 
Rb <0.1 <0.1 
Sr < 0.6 < 0.05 
Y 0.40 0.80 12 
Zr < 0.3 < 0.3 8 
Nb <1 < 0.8 0.5 
Mo <1 < 1 <0.3 
Ru < 0.4 < 0.2 
Rh < 0.07 < 0.07 
Pd <0.1 <0.2 
Ag < 0.006 < 0.09 < 0.07 
Cd < 0.01 < 0.01 
In < 0.03 < 0.03 
Sn < O.I < 0.04 < 0.4 
Sb < 0.04 < 0.04 
Te < 0.01 < 0.01 
I < 0.03 < 0.04 
Xe < 0.4 < 0.4 
Cs < 0.004 < 0.003 
Table 5 -  (continued) 
56 
Elemen t  Lu -1  Lu -11  Lu - IM  
Ba < 0.04 < 0.04 < 0.1 
Hf < 1 <1 <0.2 
Ta 3.3 4.0 75 
W 20 33 6.5 
Re <0.5 <2 < 0.2 
OS <1 <3 <0.5 
Ir < 0.3 <0.3 < 0.5 
ft < 0.2 < 0.3 18 
Au < 0.07 < 0.07 < 0.2 
Hg < 0.009 1.2 < 0.6 
T1 < 0.05 < 0.05 < 0.2 
Pb 0.50 < 0.2 3 
Bf < 0.04 < 0.04 < 0.2 
Ra < 0.2 < 0.2 
Th <5 5.2 0.4 
U <0.2 < 0.2 
La 5.8 10 12 
Ce 0.9 1.1 6 
Pr 0.3 1.5 2 
Nd < 0.9 < 0.7 2.5 
Sm < 0.7 < 0.4 < 0.6 
Eu < 0.3 < 0.2 < 0.13 
Gd <1 <0.7 9 
Tb <0.8 <2 3.6 
Dy <2 1 1 
Ho <1 < I 1 
Er <2 <1 9.5 
Tb <1 <0.3 < 0.06 
Yb <3 <1 <0.4 
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APPENDIX  B :  TEMPERATURE-SUSCEPTIB IL ITY  DATA 
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SCANDIUM C-DIRECTION 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DECREES K X 10® EMU/C DEGREES K X 10° EMU/G 
0 . 6 5  8  ,  5 4 0  7 0  ,  0  8  .  1 4 2  
0  .  8 9  8  ,  4  1 0  7  1  ,  .  0  8  .  1 2 4  
1 . 3 6  8  ,  . 2 8 0  7  1  .  8  8  .  1 0 8  
1  ,  6  9  8  2 0 0  7 3  ,  5  8  .  1 7 0  
2 . 0 3  8  ,  0 9 0  7 7  ,  6  8  .  1 4 0  
2 . 4 4  8  .  , 0 5 0  8  1  ,  0  8  ,  0 2 3  
2 . 4 9  8  .  0 3 0  8  1  .  3  8  .  0  7 , 0  
2  .  9 4  8  .  0 3 0  8 1  .  6  8  ,  0 1 8  
3 . 3 7  8  .  0 2 0  8 2  .  0  7  .  9 9 6  
3 . 8 1  8  .  0 1 0  8 2  ,  3  7  ,  9 9 3  
4 . 2 7  8  .  0 2 0  8 3  ,  3  8  .  0 0 5  
4  .  5 4  8  .  0 0 0  8 4  ,  ,  3  7  9 9 6  
5 . 0 1  7  .  9 7 0  8 5  ,  0  7  .  9 8 5  
5  .  0 4  7  ,  9 8 0  8 5  ,  7  7  .  9 9 0  
6 . 0 7  8  .  0 3 0  8 6  ,  3  7  ,  9 9 0  
6  .  0 8  7  .  9 8 0  8 6  ,  7  7  .  9 7 3  
7  .  0 5  8  .  0 0 0  8 7  .  2  7  .  9 7 0  
7  .  0 6  7  .  9 9 0  8 7  .  6  7  ,  9 6 5  
7  .  9 7  8  .  0  1 0  8 8  .  0  7  ,  9 7 0  
8  .  0 2  8  .  0 1 0  8 8  .  .  3  7  9 5 0  
8  .  8 8  8  .  0 5 0  8 8  .  6  7  .  9 3 0  
9  .  7 4  8  .  0 3 0  8 9  ,  .  0  7  .  9 0 6  
1 0 . 5  8  .  0 5 0  8 9  .  1  7  .  9 5 0  
1 1 . 5  8  .  1 0 0  8 9  ,  5  7  ,  9 0 4  
1 1 . 7  8  .  0 9 0  8 9  .  8  7  .  9 3 1  
1 4 . 2  8  ,  0 9 0  9 0  ,  2  7  ,  9 3 6  
1 5 . 9  8  .  1 1 0  9 0  ,  5  7  .  9 3 8  
1 8 . 4  8  .  1 8 0  9 0  ,  7  7  8 9 8  
2 0 , 7  8  .  2 2 0  9 1  .  1  7  ,  9 2 0  
2 2  .  5  8  , 2 9 0  9 1  .  2  7  , 8 9 1  
2 4 . 8  8  .  3 0 0  9  1  .  6  7  9 4 7  
2 5  .  0  8  ,  3  1 0  9 2  .  2  7  ,  8 7 5  
2 7 . 5  8  ,  3 4 0  9 2  .  7  7  , 8 8 4  
3 0  .  0  8  . 3 4 0  9 3  .  2  7  , 8 9  1  
3 6 . 0  8  ,  ,  3 3 0  9 3  ,  8  7  .  9 0 1  
4 2 . 6  8  . 3 0 0  9 4  .  3  7  , 8 7  1  
5 2 . 9  8  ,  2 5 5  9 5  ,  0  7  ,  8 8 3  
5 5 . 7  8  . 2 6 0  9 5  .  6  7  , 8 8 6  
5 8  .  2  8  . 2 1 7  9 6  .  2  7  ,  8 8 4  
6 0 . 5  8  .  1 8 2  9 7  .  0  7  .  8 4 7  
6 2 . 6  8  .  1 8 9  9 7  ,  7  7  , 8 4 6  
6 4  .  6  8  .  1 7 3  9 8  .  4  7  .  8 4 3  
6 6 . 2  8  .  1 5 7  9 9  .  1  7  ,  8 * ^ 7  
6 7 . 6  8  .  1 7 3  9 9  .  9  7  8 4 2  
6 8 . 9  .  8  . 1 2 1  1 0 0  .  8  7  . 8 0 1  
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SCANDIUM C-DIRECTION 
TEMPERATURE 
DEGREES K 
10  1 .  
102  
1 0 3  
1 0 4  
1 0 5 ,  
1 0 6  
1 0 7  
1 0 8  
1 0 9  
110  
1 1 1  
112  
114  
1 1 5  
1 1 6  
1 1 8  
119  
1 2 1  
1 2 2  
1 2 4  
1 2 5  
1 2 7  
129  
1 3 0 . 8  
1 3 2 . 7  
1 3 4  
136  
1 3 8  
140  
14  1  
143  
146  
1 4 8  
1 5 0  
1 5 2  
1 5 4  
1 5 6 . 8  
1 5 9 . 1  
1 6  1 . 5  
7  
5  
4  
3  
3  
3  
3  
4  
5  
5  
7  
9  
1 
5  
9  
3  
7  
3  
7  
2 
9  
5  
1 
4  
2 
2 
0 
9  
9  
0 
1 
2 
4  
6 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  
X  1 0 °  E M U / C  D E C R E E S  K  
7 . 8 0 7  1 6 3  8  
7 . 8 0 6  1 6 6  3  
7 . 8 2 2  1 6 8  8  
7 . 8 1 1  1 7 1  4  
7 . 8 2 7  1 7 4  0  
7 . 7 7 5  1 7 6  8  
7  .  7 6 9  1 7 9  6  
7  .  7 4 8  1 8 2  4  
7 . 7 7 0  1 8 5  2  
7 . 7 4 4  1 8 8  1  
7 . 7 3 9  1 9 1  1  
7 . 7 4 9  1 9 4  2  
7 . 7 0 1  1 9 7  3  
7 . 7 1 1  2 0 0  5  
7 . 6 9 1  2 0 3  8  
7 . 6 9 4  2 0 7  1  
7 . 6 8 5  2 1 0  4  
7 . 6 7 5  2 1 3  8  
7 . 6 6 3  2 1 7  4  
7 . 6 4 5  2 2 1  1  
7 . 6 4 4  2 2 4  9  
7 . 6 1 1  2 2 8  8  
7 . 6 0 1  2 3 2  7  
7 . 5 9 0  2 3 6  7  
7 . 5 8 7  2 4 0  8  
7  .  5 7 9  2 4 5  0  
7 . 5 7 3  2 4 9  2  
7 . 5 4 5  2 5 3  6  
7 . 5 3 1  2 5 8  0  
7 . 5 0 8  2 6 2  5  
7 . 4 9 9  2 6 7  0  
7  .  4 7 3  2 7  1  6  
7 . 4 7 5  2 7 6  3  
7 . 4 5 3  2 8 0  9  
7 . 4 3 1  2 8 5  4  
7 . 4 1 6  2 8 9  5  
7 . 3 9 9  2 9 3  6  
7 . 3 6 8  2 9 5  7  
7 . 3 3 9  
SUSCEPTIBILITY 
X 10° EMU/C 
7  ,  
7  
7 , 
7 
7 . 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
6  ,  
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 . 
6 
6 
6 
3 4 3  
3 2 7  
2 8 9  
2 5 4  
260 
2 4 2  
1 9 2  
1 5 6  
1 7 4  
1 9 9  
1 8 2  
1 0 4  
1 4 0  
0 8 1  
0 8 5  
0 2 0  
0 3 6  
9 8 5  
9 2 7  
9 2 0  
8 9 3  
8 9 5  
868 
8  1 4  
7 8 0  
7 7 1  
7 3 5  
6 9 4  
6 7 2  
6 2 1  
6  3 9  
600 
5 4 5  
5 3 4  
4 8 7  
4 7 4  
4 6 0  
4 4 7  
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TEMPERATURE 
DEGREES K 
0  .  6 5  
0  .  8 9  
1 . 3 6  
1  .  6 0  
I . 8 4  
2 . 1 0  
2 . 2 3  
2  . 6 2  
2  .  7 2  
3  .  0 0  
3 . 2 0  
3 . 5 3  
3 . 7 0  
4 . 2 2  
4 . 4 6  
5 . 0 1  
6 . 0 4  
7  .  0 4  
8 . 0 3  
B  .  9 0  
9 . 6 5  
9 . 9 2  
I I . 4  
1 3 . 7  
1 4 . 2  
1 6 . 0  
1 9 . 6  
2 2 . 8  
2 5  .  7  
2 9 . 5  
3 3  .  6  
4 2  .  6  
5 2 . 7  
5 5  .  3  
5 7  .  5  
5 9 . 7  
6  1 . 7  
6 3 . 5  
6 5  .  1  
6 6 . 6  
6 7 . 7  
6 9 . 1  
7 0 . 0  
7 0  .  9  
7 1 . 7  
SCANDIUM A-DIRECTION 
SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
X 10^ EMU/C DEGREES K X 10® EMU/G 
8 . 6 6 0  
8 . 6 1 0  
8  .  5 3 0  
8 . 5 1 9  
8  .  4 6 5  
8 . 4 7 6  
8 . 4 4 3  
8 . 4 3 2  
8 . 4 7 0  
8 . 4 7 5  
8  .  4 0 5  
8 . 4 8 7  
8 . 4 1 5  
8 . 4 2 5  
8 . 4 1 0  
8 . 4 0 3  
8 . 3 9 3  
8 . 4 1 4  
8 . 4 2 1  
8 . 4 2 5  
8 . 4 5 1  
8 . 4 4 5  
8 . 4 5 9  
8 . 4 4 8  
8 . 4 6 5  
8 . 4 7 8  
8 . 5 0 0  
8 . 4 9 5  
8 . 5 0 4  
8 . 4 9 4  
8 . 4 6 6  
8 . 4 3 1  
8  .  3 9 6  
8 . 3 8 5  
8 . 3 9 1  
8 . 3 6 8  
8 . 3 5 3  
8 . 3 3 5  
8  .  3 0 0  
8 . 3 0 7  
8 . 3 0 1  
8 . 2 9 2  
8 . 2 7 8  
8 . 2 7 1  
8 . 2 6 0  
7 2 . 4  
7 3  .  1  
7 3 . 6  
7 4 . 1  
7 4  .  6  
7 5  .  3  
7 7 . 0  
7 9  .  0  
8 0  .  5  
8  1 . 7  
8 2 . 6  
8 3  .  4  
8 3 . 4  
8 3  .  4  
8 3 . 4  
8 3  .  4  
8 3 . 4  
9 0  .  4  
9  1 . 0  
9 1 . 0  
9 1 . 6  
9 2 . 0  
9 2 . 5  
9 2  .  8  
9 3  .  2  
9 3 . 7  
9 4 . 1  
9  4  .  6  
9 5  .  0  
9 5  .  5  
9 5 . 9  
9 6  .  5  
9 7 . 0  
9 7  .  6  
9 8 . 1  
9 8 . 8  
9 9 . 3  
9 9 . 9  
1 0 0 . 5  
1 0 1 . 2  
1 0 1 , 8  
1 0 2 . 5  
1 0 3 . 3  
1 0 4 . 1  
1 0  4  7  
8 . 2 5 0  
8  .  2 4 7  
8 . 2 4 4  
8 . 2 3 6  
8 . 2 3 3  
8 . 2 2 5  
8 . 2 1 8  
8 . 2 0 7  
8 . 1 9 4  
8 . 1 8 9  
8 . 1 7 7  
8 . 1 6 5  
8 . 1 6 5  
8 . 1 6 5  
8 . 1 6 5  
8 . 1 6 5  
8 . 1 6 5  
8 . 1 1 2  
8 . 0 8 9  
8 . 0 8 9  
8 . 1 0 3  
8 . 0 7 5  
8 . 0 7 8  
8 . 0 7 7  
8 . 0 7 4  
8 . 0 6 5  
8 . 0 6 2  
8 . 0 6 0  
8 . 0 5 8  
8 . 0 5 2  
8 . 0 5 1  
8 . 0 4 2  
8  0 4  1  
8 . 0 3 5  
8 . 0 3 1  
8 . 0 2 8  
8 . 0 1 7  
8 . 0 2 3  
8 . 0 1 1  
8  .  0 0 7  
8 . 0 0 2  
7 . 9 9 9  
7 . 9 8 8  
7  .  9 8 5  
7 . 9 8 0  
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SCANDIUM A-DIRECTION 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DEGREES K X 10° EMU/G DEGREES K X 10° EMU/G 
1 0 5  5  7  9 7 0  1 6 5  0  7  5  1  1  
1 0 6  4  7  9 6 3  1 6 7  1  7  4 9 6  
1 0 7  1  7  9 5 9  1 6 9  3  7  4 7 9  
1 0 7  9  7  9 4 7  1 7 1  7  7  4 5 1  
1  O B  9  7  9 4 4  1 7 3  9  7  4 4 6  
1 0 9  9  7  9 3 6  1 7 6  2  7  4 2 4  
1 1 0  8  7  9 3 7  1 7 8  6  7  4 0 5  
1 1  1  8  7  9 2 5  1 8  1  0  7  3 9 4  
1  1  2  9  7  9 1  1  1 8 3  4  7  3 7 4  
1 1 4  0  7  9 0 2  1 8 6  0  7  3 6 1  
1  1  S  1  7  8 9 1  1 8 8  5  7  3 4 0  
1 1 6  3  7  9 2 7  1  9  1  1  7  3  1 2  
1 1 7  4  7  8 7 9  1 9 3  7  7  2 9 6  
1  1  8  6  7  8 6 7  1 9 6  4  7  2  8  7 .  
1  1  9  7  7  8 5 7  1 9 9  1  7  2 5 8  
1 2 0  9  7  8 4 6  2 0 2  0  7  2 4 7  
1 2 2  2  7  8 3 4  2 0 4  7  7  2 2 2  
1 2 3  4  7  8 3 1  2 0  7  6  7  2 0 8  
1 2 4  8  7  8 2 4  2 1 0  6  7  1  8 4  
1 2 6  1  7  8 0 2  2 1 3  5  7  1 5 9  
1 2 7  4  7  7 9 3  2 1 6  5  7  1  3 5  
1 2 9  0  7  7 8 5  2  1  9  6  7  1 2 0  
1 3 0  4  7  7 7 5  2 2 2  9  7  0 9 7  
1 3  1  7  7  7 6 5  2 2 6  0  7  0 7 2  
1 3 3  3  7  7 5 4  2 2 9  3  7  0 5 1  
1 3 4  8  7  7 3 5  2 3 2  6  7  0 3 3  
1 3 6  3  7  7 2 8  2 3 6  1  7  0  1  4  
1 3 7  8  7  7 1 7  2 3 9  7  6  9 7 8  
1 3 9  4  7  7 0 7  2 4 3  4  6  9 5 6  
1 4 1  0  7  6 9 4  2 4 7  0  6  9  3 4  
1 4 2  6  7  6 8 0  2 5 0  8  6  9  1 0  
1 4 4  4  7  6 6 8  2 5 4  5  6  8 8 5  
1 4 6  0  7  6 5 2  2 5 8  5  6  8 5 9  
1 4 7  8  7  6 3 7  2 6  2  4  6  8 3 0  
1 4 9  6  7  6 2 2  2 6 6  3  6  8 0 4  
1 5  1  3  7  6 0 8  2 7 0  4  6  7 9 9  
1 5 3  2  7  6 0 1  2 7 4  4  6  7 5 8  
1 5  5  1  7  5 8 5  2 7 8  5  6  7 3 0  
1 5 7  0  7  5 7 0  2 8 2  6  6  7 0 3  
1 5 8  9  7  5 6  1  2 8 6  2  6  6 8 2  
1 6 0  8  7  5 3 9  2 8 9  8  6  6 6 4  
1 6 2  9  7  5 2 9  2 9 2  5  6  6 5 4  
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TEMPERATURE 
DEGREES K 
1  .  7 0  
I . 9 0  
2  .  5 0  
2 . 9 9  
3 . 5 1  
4 . 0 1  
4 . 5 2  
4 . 9 9  
5 . 3 6  
5 . 4 3  
5 . 4 9  
5 . 7 0  
5 . 8 6  
6 . 0 0  
6 . 1 2  
7 . 0 9  
7 . 2 5  
7 . 9 7  
8 . 9 4  
9 . 9 9  
1 0 . 9  
1 0 . 9  
I I . 0  
1 1 . 5  
1 4 . 6  
1 8 . 2  
2 2 . 7  
2 8 . 0  
3 4 . 2  
4 0 . 6  
4 5 . 6  
4 9 . 0  
5 2 . 3  
5 6 . 0  
5 9 . 9  
6 4 . 0  
6 7 . 6  
7 0 . 8  
7 4 . 7  
7 8 . 0  
8 2 . 0  
8 5 . 3  
8 8 . 3  
9 0 . 8  
9 6 . 9  
SCANDIUM - 12. 
S U S C E P T I B I L I T Y  
X  1 0 ^  E M U / G  
AT.* HYDROGEN 
T E M P E R A T U R E  
D E G R E E S  K  
SUSCEPTIBILITY 
X 10° EMU/G 
6 . 4 9 9  
6 . 4 8 1  
6  ,  3 9 9  
6 . 3 4 7  
6 . 3 2 0  
6 . 2 7 2  
6 . 2 4 7  
6 . 2 2 2  
6 . 1 9 3  
6 . 1 8 5  
6 . 1 6 3  
6 . 2 0 1  
6  , . 1 7 9  
6 . 1 7 5  
6 . 1 9 9  
6 . 1 4 5  
6 . 1 2 7  
6 . 1 1 3  
6 . 1 0 1  
6 . 0 4 8  
6 . 0 1 8  
6 . 0 2 5  
5 . 9 7 8  
6  . 0 0 9  
5 . 9 3 6  
5 . 9 4 9  
5 . 9 2 4  
5 . 8 6 0  
5 . 8 3 0  
5 . 8 3 0  
5 . 8 1 9  
5 . 8 2 1  
5  .  7 9 7  
5 . 7 9 8  
5  .  7 8 5  
5 . 7 7 5  
5 . 7 4 8  
5 . 7 4 8  
5 . 7 3 3  
5 . 7 2 4  
5 . 7 0 8  
5 . 6 8 7  
5 . 6 8 8  
5 . 6 7 3  
5 . 6 4 3  
9 7 . 7  
9 8  .  6  
9 9 . 5  
1 0 0 . 4  
1 0 1 . 3  
1 0 2 . 3  
1 0 3 . 3  
1 0 4  .  4  
1 0 5 . 5  
1 0 6 . 6  
1 0 7 . 7  
1 0 9 . 0  
1 1 0 . 2  
1 1 1 . 5  
1 1 2 . 8  
1 1 4 . 2  
1 1 5 . 7  
1 1 7 . 2  
1 1 8 . 7  
1 2 0 . 3  
1 2 1 . 9  
1 2 3 . 6  
1 2 5 . 3  
1 2 7 . 0  
1 2 8 . 8  
1 3 0 . 7  
1 3 2 . 5  
1 3 4 . 5  
1 3  6 . 6  
1 3 8 . 7  
1 4 0 . 8  
1 4 3 . 0  
1 4 5 . 3  
1 5 0 . 0  
1 5  2 . 4  
1 5 4 . 8  
1 5 7 . 3  
1 5 9 . 9  
1 6 2 . 5  
1 6 5 . 2  
1 6 8 . 0  
1 7 0 . 8  
1 7  3 . 7  
1 7 6 . 7  
1 7 9 . 8  
5 . 6 3 8  
5 . 6 3 8  
5 . 6 3 5  
5 . 6 3 6  
5 . 6 3 3  
5 . 6 2 7  
5 . 6 2 4  
5 . 6 2 8  
5 . 6 1 8  
5 . 6 1 2  
5 . 6 0 3  
5 . 5 9 6  
5 . 6 0 3  
5 . 5 9 5  
5 . 5 8 5  
5 . 5 9 2  
5 . 5 7 8  
5 . 5 7 8  
5 . 5 7 1  
5 . 5 6 2  
5 . 5 6 6  
5  .  5 5 5  
5 . 5 5 0  
5 . 5 3 5  
5 . 5 4 3  
5 . 5 2 9  
5 . 5 2 5  
5  . 5 0 6  
5 . 5 1 3  
5 . 4 9 9  
5 . 4 9 1  
5 . 4 7 8  
5 . 4 8 3  
5 . 4 6 4  
5 . 4 6 0  
5  .  4 5 2  
5 . 4 3 7  
5 . 4 3 4  
5 . 4 2 8  
5 . 4 2 2  
5 . 4  1 9  
5 . 4 1 4  
5 . 3 9 7  
5 . 4 0 0  
5 . 3 9 3  
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S C A N D I U M  -  1 2 . 5 3  A T . *  H Y D R O G E N  
T E M P E R A T U R E  S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
D E G R E E S  K  x  1 0 °  E M U / G  D E G R E E S  K  X  1 0 °  E H U / G  
1 8 3 . 0  
1 8 6 . 2  
1 8 9 . 5  
1 9 2 . 9  
1 9 6 . 3  
1 9 9 . 8  
2 0 3 . 4  
2 1 0 . 9  
2  1 4 . 7  
2 1 8 . 5  
2 2 2 . 6  
2 2 6 . 7  
2 3 0 . 9  
2 3 5 . 3  
5 . 3 8 5  
5 . 3 8 3  
5 . 3 7 9  
5 . 3 6 3  
5 . 3 6 3  
5 . 3 5 5  
5 . 3 3 4  
5  .  3 2 4  
5 . 3 1 2  
5 . 2 6 8  
5 . 2 7 8  
5  .  2 5 9  
5 . 2 5 7  
5  2 4 9  
2 3 9 . 7  
2 4 4 . 4  
2 4 9 . 0  
2 5 3 . 8  
2 5 8 . 7  
2 6 3 . 6  
2 6 8 . 6  
2 7 3 . 7  
2 7 8 . 9  
2 8 3 . 9  
2 8 8 . 5  
2 9 2 . 9  
2 9 4 . 5  
5 . 2 2 8  
5 . 2 0 8  
5 . 1 9 5  
5 . 1 8 2  
5 . 1 6 5  
5 . 1 4 7  
5 . 1 3 1  
5 . 1 2 4  
5 . 1 0 2  
5 . 0 7 4  
5 . 0 6 5  
5 . 0 5 2  
5 . 0 4 9  
1  .  7 0  
2  .  0 2  
2  .  S O  
3  .  0 0  
3  4 7  
4  0 1  
4 . 5 2  
4 . 9 8  
5 . 5 0  
5  .  6 0  
5  .  7 0  
5  .  9 0  
6  . 0 0  
6  . 2 0  
6  .  5 0  
6  .  6 0  
7 . 1 7  
7  .  9 7  
8  .  9 3  
9  . 9 0  
1 1 . 8  
1 3 . 8  
1 5 . 0  
1 6 . 8  
1 7 . 6  
20 . 2 
2 5  .  2  
3 3  .  2  
4 2  .  5  
46 . a 
5 0  .  5  
5 4  .  2  
5 8  .  3  
6 1 . 9  
6 6  .  0  
7 0  .  2  
7 4 . 1  
7  7  .  7  
8 1 . 2  
8 4  .  1  
8 6  .  6  
8 8  .  8  
9 0  .  6  
9 2  .  3  
9 3  .  8  
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SCANDIUM - 25 AT.% HYDROGEN 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
X 1 0 °  E M U / G  D E G R E E S  K  X 1 0 °  E M U / G  
4 . 1 1 9  
4 . 1 0 8  
4 . 0 4 8  
4 . 0 1 0  
3  .  9 9 0  
3 . 9 6 1  
3  .  9 2 8  
3 . 8 9 9  
3 . 8 8 9  
3  . 8 6 5  
3 . 8 7 7  
3 . 9 1 5  
3  .  8 5 0  
3 . 8 3 7  
3  .  8 3 3  
3 . 8 3 0  
3 . 8 2 4  
3 . 7 9 0  
3  .  7 5 8  
3 . 7 2 2  
3 . 6 9 4  
3 . 6 3 6  
3 . 6 4 6  
3 . 6 8 5  
3 . 6 3 0  
3 . 6 3 0  
3  .  5 7 3  
3 . 5 6 3  
3 . 5 7 2  
3  . 5 5 6  
3  .  5 5 6  
3  . 5 4 7  
3  .  5 3 3  
3  . 5 3 4  
3 . 5 2 3  
3 . 5 1 3  
3 . 5 1 5  
3  . 5 0 6  
3 . 5 0 2  
3  . 5 0 0  
3  .  4 9 8  
3  . 4 8 3  
3 . 4 9 1  
3  . 4 8 3  
3 . 4 7 7  
9 5  .  1  
9 6 . 3  
9 7  .  4  
9 8  .  3  
9 9  .  3  
1 0 0 . 4  
1 0 1 . 6  
1 0 2 . 7  
1 0 4 . 0  
1 0 5 . 3  
1 0 6 . 6  
1 0 8 . 0  
1 0 9 . 5  
1 1 1 . 0  
1 1 2 . 6  
1 1 4 . 3  
1 1 6 . 0  
1 1 7 . 7  
1 1 9 . 5  
1 2 3 . 5  
1 2 5 . 4  
1 2 7 . 5  
1 3 1 . 8  
1 3 4 . 1  
1 3 6 . 4  
1 4 1 . 3  
1 4 3 . 9  
1 4 6 . 6  
1 5 2 . 1  
1 5 5 . 0  
1 5 8 . 0  
1 6 4 . 1  
1 6 7 . 2  
1 7 0 . 6  
1 7 3 . 8  
1 8 0 . 7  
1 8 4 . 3  
1 8 7 . 9  
1 9 1 . 7  
1 9 5 . 5  
2 0 7  .  8  
2 1 2 . 1  
2 1 6 . 5  
2 2 1 . 0  
2 2 5  .  6  
3 . 4 8 4  
3 . 4 8 6  
3 . 4 7 5  
3 . 4 7 6  
3 .  4 3 8  
3 . 4 2 5  
3  .  4 3 3  
3  . 4 0 5  
3 . 4 1 3  
3  4 2 6  
3 . 4 3 9  
3  . 3 9 5  
3 . 4 1 1  
3 . 4 1 7  
3 . 4 3 5  
3  .  3 9 3  
3 . 4 1 0  
3 . 4 1 1  
3 . 4 1 2  
3  .  4 0 7  
3 . 4 0 3  
3 . 4 0 7  
3 . 3 9 8  
3  . 3 9 0  
3  . 3 9 0  
3 . 3 8 6  
3  . 3 7 8  
3  . 3 8 4  
3  . 3 7 5  
3  . 3 7 3  
3 . 3 7 8  
3  . 3 7 3  
3 . 3 7 6  
3  . 3 7 6  
3 . 3 8 6  
3 . 3 9 8  
3  .  3 8 2  
3 . 3 9 2  
3 . 3 9 5  
3  .  4  1 5  
3  . 3 8 9  
3  . 3 8 9  
3 . 3 9 2  
3  3 8 6  
3 . 3 8 5  
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S C A N D I U M  -  2 5  A T . %  H Y D R O G E N  
T E M P E R A T U R E  
D E C R E E S  K  
S U S C E P T I B I L I T Y  
X  1 0 ^  E M U / G  
T E M P E R A T U R E  
D E G R E E S  K  
S U S C E P T I B I L I T Y  
X  1 0 °  E M U / G  
2 3 0 . 3  
2 4 0 . 1  
2 4 5 . 2  
2 5 0 . 6  
2 5 5  .  9  
2 6  1 . 4  
3 . 3 9 7  
3 . 3 7 ?  
3  .  3 7 2  
3  .  3 7 8  
3  .  3 7 3  
3  .  3 6 8  
2 6 6  .  9  
2 7 2  .  6  
2 7 8 . 4  
2 8 3  .  9  
2 8 9  .  1  
2 9 4  .  9  
3 . 3 6 6  
3 . 3 6 8  
3 . 3 5 3  
3 . 3 4 7  
3 . 3 3 5  
3 . 3 2 7  
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TEMPERATURE 
DECREES K 
1 . 7 1  
2  . 0 0  
2 . 5 0  
2  .  9 9  
3  . 5 2  
4 . 0 1  
4  . 5 2  
4  .  9 9  
5  .  5 0  
6  .  1 0  
7  . 2 5  
8  .  3 0  
9  .  0 0  
9  .  6 5  
1 0 . 9  
1 2 . 3  
1 4 . 9  
1 9 . 7  
2 2 . 9  
2 7  .  1  
3 3  .  4  
4 0 . 1  
4 7 . 8  
5 1 . 1  
5 4  .  0  
5 6  .  5  
5 9 . 0  
6 1 . 2  
6 3 . 5  
6 5  .  9  
6 8 . 2  
7 0 . 2  
7 1 . 9  
7 3  .  6  
7 5  .  2  
7 7  .  0  
7 8  .  5  
S O  .  0  
8 1  .  1  
8 2 . 2  
8 3  .  8  
8 5  .  0  
8 6  .  7  
8 8  .  4  
8 9  .  9  
LUTETIUM - 0.018 AT* HYDROGEN 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
X 1 0 °  E M U / C  D E G R E E S  K  x  1 0 ®  E M U / C  
1 . 2 5 1  
1  . 2 4 6  
1  .  2 2 2  
1 . 2 0 3  
1  .  2 0 5  
1 . 1 9 4  
1 . 1 8 9  
1 . 1 8 8  
1 . 1 8 0  
1  . 1 8 5  
1 . 1 6 9  
1 . 1 5 7  
1 . 1 5 7  
1 . 1 5 7  
1 . 1 3 8  
1 . 1 2 7  
1 . 1 1 7  
1 . 1 1 7  
1 . 1 1 0  
1 . 1 0 5  
1  .  0 9 9  
1 . 1 3 2  
1  .  0 6 9  
1  . 0 8 0  
1  .  0 8 0  
1  . 0 8 0  
1 . 0 8 1  
1  . 0 8 0  
1 . 0 8 1  
1  . 0 8 3  
1  .  0 8 4  
1 . 0 8 2  
1  0 8 4  
1 . 0 8 4  
1 . 0 8 6  
1  . 0 8 6  
1 .  080 
1 . 0 8 6  
1  .  0 8 6  
1  . 0 8 8  
1 . 088 
1  . 0 8 8  
1 .  088 
1 . 088 
1  .  0 8 9  
9 1 . 8  
9 3  .  4  
9 4  .  6  
9 6  .  0  
9 7  .  2  
9 8  .  2  
1 0 0 . 5  
1 0 1 . 4  
1 0 2 . 4  
1 0 3 . 4  
1 0 4 . 5  
1 0 5 . 6  
1 0 8 . 0  
1 0 9 . 2  
1 1 0 . 5  
1 1 1 . 8  
1 1 3 . 2  
1 1 4 . 6  
1 1 6 . 0  
1 1 7 . 6  
1 1 9 . 1  
1 2 0 . 6  
1 2 2 . 3  
1 2 4 . 0  
1 2 5 . 7  
1 2 7 . 5  
1 2 9 . 3  
1 3 1 . 1  
1 3 3 . 0  
1 3 5 . 0  
1 3 7 . 1  
1 3 9 . 2  
1 4 1 . 4  
1 4 3 . 7  
1 4 5 . 9  
1 4 8  .  3  
1 5 0 . 7  
1 5 3  .  1  
1 5 5  .  7  
1 5 8  .  3  
1 6 0 . 8  
1 6 3  .  5  
1 6 6 . 3  
1 6 9  .  1  
1 7 4 . 8  
1 . 0 8 9  
1 . 0 8 9  
1 . 0 8 9  
1 . 0 9 0  
1 . 0 8 8  
1  .  0 9 0  
1 . 0 9 0  
1 . 0 9 1  
1  . 0 9 3  
1 . 0 9 2  
1 . 0 9 2  
1  . 0 9 3  
1 . 0 9 3  
1  . 0 9 4  
1 . 0 9 3  
1 . 0 9 4  
1 . 0 9 3  
1 . 0 9 6  
1 . 0 9 5  
1  . 0 9 5  
1 . 0 9 4  
1  . 0 9 5  
1 . 0 9 5  
1  .  0 9 5  
1 . 0 9 5  
1 . 0 9 5  
1 . 0 9 6  
1  . 0 9 5  
1 . 0 9 3  
1  . 0 9 6  
1 . 0 9 7  
1 . 0 9 4  
1  . 0 9 6  
1  . 0 9 5  
1 . 0 9 4  
1  . 0 9 3  
1 . 0 9 1  
1  . 0 9 3  
1 . 0 9 3  
1  . 0 9 2  
1  .  0 9 2  
1 . 0 9 1  
1 . 0 9 1  
1  .  0 9 1  
1  . 0 8 7  
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L U T E T I U M  -  0 . 0 1 0  A T . *  H Y D R O G E N  
T E M P E R A T U R E  
D E C R E E S  K  
S U S C E P T I B I L I T Y  
X  1 0 ®  E M U / G  
T E M P E R A T U R E  
D E G R E E S  K  
S U S C E P T I B I L I T Y  
X  1 0 °  E M U / G  
1 7 7 . 8  
1 8 0 . 9  
1 8 4  
1 8 7  
1 9 0  
1 9 3  
1 9 7  
2 0  1  
2 0 4  
2 0 8  
2 1 2  
2 1 6  
2 2 0  
2 2 4  
2 2 8  
088 
0 8 7  
086 
0 8 5  
0 8 7  
0 8 3  
0 8 4  
0 8 1  
0 8 0  
0 7 9  
0 7 9  
1  . 0 7 6  
1  .  0 7 4  
1 . 0 7 2  
1 . 0 7 1  
2 3 2  .  
2 3 6  
2 4 1  
2 4 6  
2 5 0  
2 5 5  
2 6 0  
2 6 5  
2 7 0  .  1  
2 7 6  .  0  
2 8 1  
2 8 6  
2 9 0  
2 9 3  
6 
9  
5  
1 
9  
7  
7  
7  
2  
0 
6 
9  
1  .  0 6 9  
1  .  0 6 9  
1  .  0 6 5  
1  .  0 6 3  
060 
0 5 8  
0 5 4  
0 5 2  
0 5 0  
0 4 7  
0 4 4  
0 4 2  
0 4 0  
0 3 8  
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TEMPERATURE 
DECREES K 
1  .  B O  
1  .  9 9  
2  .  5 2  
3  .  0 5  
3  .  5 8  
4  .  0 2  
4  .  2 7  
4  5 1  
4 . 5 8  
5  .  0 1  
5  .  0 5  
5  .  9 8  
6 .  9 9  
7  .  9 6  
8  .  9 4  
9  .  7 3  
1 0 . 0  
1 0 . 5  
1 1 . 8  
1 2 . 0  
1 3 . 4  
1 4 . 0  
1 5 . 3  
1 6 . 3  
1 7 . 8  
1 8  .  8  
2 0  .  4  
2 4  .  8  
2 5 . 5  
3 0  .  6  
3  1 . 6  
3 1 . 9  
3 5  .  4  
• 3 7 . 3  
3 8  .  0  
4 2 . 4  
4 4  .  1  
4 6 . 3  
4 7 . 3  
4 8  .  0  
5 9  .  9  
6 6  .  7  
7 0  .  7  
7 3  .  0  
7 5  .  5  
LUTETIUM - 0.0 35 AT.* HYDROCEN 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
X 1 0 ®  E M U / C  D E C R E E S  K  X 1 0 °  E M U / G  
1 5 3  7 7  .  9  1  .  0 8 7  
1 4 8  8 0  .  3  1  . 0 8 8  
1 3 9  8 2  .  3  1  .  0 8 9  
1 3 2  8 4  .  . 2  1  . 0 8 9  
1 3 0  8 6  .  0  1  .  0 9 0  
1 2 7  8 7  ,  ,  6  1  . 0 9 0  
1 3 2  8 9  ,  0  1  0 9 1  
1 2 8  9 0  .  3  1  . 0 9 2  
1 2 5 .  9 1  .  7  1  ,  0 9 3  
1 2 5  9 3  .  8  1  . 0 9 3  
1 2 2  9 4  .  8  1  ,  0 9 4  
1 1 9  9 5  .  5  1  . 0 9 4  
1 1 3  9 6  .  3  1  ,  0 9 5  
1 1 0  9 7  .  1  1  . 0 9 5  
1 0 5  9 7  .  6  1  ,  0 9 6  
1 0 3  9 7  ,  9  1  ,  0 9 6  
1 0 4  9 8  .  3  1  .  0 9 7  
1 0 0  9 8  .  6  1  . 0 9 6  
0 9 6  9 9  .  0  1  ,  0 9 7  
0 9 6  9 9  .  .  4  1  . 0 9 6  
0 9 2  9 9  .  8  1  . 0 9 7  
0 9 0  1 0 0  .  , 2  1  . 0 9 7  
0 9  1  1 0 0  .  6  1  . 0 9 6  
0 8 7  1 0 1  .  .  0  1  . 0 9 6  
0 8 4  1 0 1  .  5  1  , 0 9 7  
0 8 3  1 0 1  ,  9  1  .  0 9 7  
0 8 3  1 0 2  .  5  1  , 0 9 8  
0 8 3  1 0 2  .   9  1  . 0 9 7  
0 7 7  1 0 3  .  5  1  , 0 9 6  
0 8 0  1 0 4  .  0  1  . 0 9 7  
0 8 0  1 0 4  .  , 5  1  . 0 9 8  
0 9 0  1 0 5  .  1  1  .  0 9 8  
0 8 0  1 0 5 ,  6  1  . 0 9 8  
0 8 3  1 0 6  .  2  1  . 0 9 8  
0 8 0  1 0 7  ,  .  4  1  . 0 9 8  
0 7 8  1 0 8  .  0  1  . 0 9 8  
0 7 8  1 0 8  6  1  .  0 9 8  
0 8 2  1 0 9  .  3  1  . 0 9 9  
0 8 3  1 0 9  .  9  1  . 0 9 9  
0 8 8  1 1 0  .  6  1  . 0 9 8  
0 7 5  1 1 1  .  a  1  .  0 9 9  
0 8 1  1 1  1  .  9  1  .  0 9 8  
0 8 3  1 1 2  ,  7  1  . 0 9 9  
0 8 5  1 1 3  .  4  1  . 0 9 9  
0 8 6  1 1 4  .  1  1  . 0 9 9  
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LUTETIUM - 0.0 35 AT.* HYDROGEN 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DEGREES K X 10° EMU/C DEGREES K X 10° EMU/C 
1 1 4  9  1  0 9 8  1 7 2  2  1 . 0 9 4  
1 1  5  8  1  0 9 8  1 7 4  1  1 . 0 9 3  
1  1  6  6  1  0 9 9  1 7 5  9  1 . 0 9 2  
1 1 7  4  1  0 9 9  1 7 7  9  1 . 0 9 2  
1 1 8  3  1  1 0 0  1 7 9  8  1 . 0 9 1  
1 1 9  2  1  1 0 0  1 8 1  8  1  . 0 9 1  
1 2 0  1  1  1  0 0  1 8 3  9  1 . 0 9 1  
1 2 1  1  1  0 9 9  1 8 5  9  1 . 0 9 0  
1 2 2  1  1  1 0 0  1 8 8  1  1 . 0 8 9  
1 2 2  9  1  0 9 9  1 9 0  3  1 . 0 8 9  
1 2 3  9  1  0 9 9  1 9 2  4  1 . 0 8 8  
1 2 4  9  1  1 0 0  1 9 4  7  1 . 0 8 7  
1 2 5  9  1  0 9 9  1 9 7  0  1 . 0 8 6  
1 2 7  0  1  . 0 9 9  1 9 9  3  1 . 0 8 5  
1 2 8  0  1  0 9 9  2 0 1  8  1 . 0 8 5  
1 2 9  1  1  . 0 9 9  2 0 4  2  1 . 0 8 4  
1 3 0  2  1  0 9 9  2 0 6  6  1 . 0 8 4  
1 3  1  3  1  0 9 9  2 0 9  2  1 . 0 8 3  
1 3 2  4  1  0 9 8  2 1 1  8  1 . 0 8 2  
1 3 3  5  1  0 9 9  2 1 4  4  1  .  0 8 0  
1 3 4  7  1  0 9 9  2 1 7  1  1 . 0 8 0  
1 3 5  9  1  0 9 9  2 1 9  9  1 . 0 7 8  
1 3 7  1  1  0 9 9  2 2 2  6  1 . 0 7 7  
1 3 8  4  1  0 9 9  2 2 5  3  1 . 0 7 6  
1 3 9  6  1  0 9 9  2 2 8  4  1  .  0 7 4  
1 4 0  9  1  1 0 0  2 3 1  3  1 . 0 7 4  
1 4 2  1  1  0 9 9  2 3 4  2  1 . 0 7 2  
1 4 3  5  1  0 9 8  2 3 7  3  1 . 0 7 0  
1 4 4  9  1  0 9 9  2 4 0  4  1 . 0 6 9  
1 4 6  3  1  0 9 9  2 4 3  6  1  . 0 6 9  
1 4 7  7  1  0 9 9  2 4 6  9  1  . 0 6 7  
1 4 9  2  1  0 9 8  2 5 0  2  1 . 0 6 5  
1 5 0  7  1  0 9 8  2 5 3  6  1  .  0 6 4  
1 5 2  2  1  0 9 7  2 5 7  0  1 . 0 6 2  
1 5 3  7  1  0 9 8  2 6 0  S  1  . 0 6 0  
1 5 5  3  1  0 9 8  2 6 4  0  1  .  0 5 9  
1 5 6  8  1  0 9 6  2 6 7  6  1  .  0 5 7  
1 5 8  5  1  . 0 9 6  2 7 1  3  1  . 0 5 6  
1 6 0  1  1  0 9 6  2 7 5  0  1  . 0 5 4  
1 6 1  7  1  0 9 9  2 7 8  1  1 . 0 5 1  
1 6 3  5  1  0 9 6  2 8 2  4  1  .  0 5 0  
1 6 5  1  1  0 9 6  2 8 5  9  1  . 0 4 9  
1 6 6  9  1  0 9 5  2 8 9  3  1  .  0 4 7  
1 6 8  7  1  0 9 5  2 9 2  6  1  . 0 4 5  
1 7 C  5  1  0 9 4  2 9 4  9  1  .  0 4 4  
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LUTETïUM - 0.105 AT.% HYDROGEN 
TEMPERATURE 
DEGREES K 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  
D E G R E E S  K  
7 7  
0 1  
5 2  
0 5  
5 3  
O S  
2 7  
4 8  
0 4  
4 8  
0 3  
0 0  
8  .  0 3  
9  .  0 2  
9  .  8 7  
1 0 . 0  
10  
11  
1 2 
1 2  
1 3  
1 4  
1 5  
1 6  
1 9  
2 3  
2 6  
3 0  
3 3  
3 6  
4 1  
4 4  .  8  
6 0  .  9  
6 7  
7 1  
7 5  
7 8  
8 1  
8 4  
86 
8 8  
9 0  
9 2  
9 4  
9 5  
X  1 0 °  E M U / G  
1  8 5  
181  
1 7 1  
1  6 7  
1  6 0  
1  5 8  
1  5 6  
1  5 4  
1 4 9  
1  4 6  
1 4 2  
1  35  
1 3 0  
1  2 5  
1 2 0  
1  1 9  
116  
1  1 5  
1 1 4  
110  
1 0 1  
1 0 7  
1 0 4  
0 9 9  
0 9 4  
0 9 2  
0 9 2  
0 9 1  
0 9 1  
0 9 0  
0 8 7  
0 8 8  
0 8 9  
0 9 1  
0 9 4  
0 9 5  
0 9 7  
0 9 7  
0 9 9  
0 9 9  
0 9 8  
1 0 0  
1 0 0  
1 0 1  
1 0 3  
7  
2 
6 
1 
6 
0 
6 
2 
6 
3  
9  
5  
9 5  
9 6  
9 6  
9 7  
9 7  
9 8  
9 8  
9 9  
9 9  
1 0 0  
1 0 0  
1 0 1  
1 0 2 . 1  
1 0 2 . 8  
1 0 3  
1 0 4  
1 0 4  
1 0 5  
1 0 6  
1 0 7  
1 0 8  
1 0 8  
1 0 9  
110  
111  
1 1 2  
1 1 3  
1 1 4  
l i s  
116  
1 1 7  
1 1 8  
1 1 9  
1 2 0  
1 2 1 . 8  
1 3 3 . 5  
1 3 5  
1 3 6  
1 3 8  
1 3 9  
1 4 1  
1 4 3  
1 4 4  
1 4 6  
0 
6 
3  
7  
3  
0 
7  
4  
1 4 8 . 1  
SUSCEPTIBILITY 
X 10® EMU/G 
.  1  0 4  
.  1 0 2  
.  1 0 4  
.  1  0 2  
.  103  
.  1 0 4  
.  1  0 3  
.  1 0 5  
.  1  0 3  
.  1 0 4  
.  1  0 4  
.  1 0 3  
.  1  0 4  
.  1 0 4  
.  1 0 4  
.  1 0 4  
.  1 0 4  
.  1 0 5  
.  1 0 4  
.  1 0 4  
.  1  0 5  
.  1 0 4  
.  1 0 5  
.  1 0 5  
.  1 0 5  
.  1 0 6  
.  1 0 6  
.  1 0 6  
.  1 0 7  
.  1 0 6  
.  1  0 6  
.  1 0 7  
.  1 0 6  
. 1 0 6  
.  1 0 7  
. 1 0 7  
.  1 0 6  
.  1 0 8  
.  1 0 7  
.  1 0 7  
.  1 0 7  
.  1 0 6  
.  1 0 6  
.  1 0 6  
.  1 0 6  
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T E M P E R A T U R E  
D E C R E E S  K  
1 4 9 . 9  
1 5 1 . 7  
1 5 3 . 5  
1 5 5 . 4  
1 5 7 . 3  
1 5 9 . 2  
1 6 1 . 1  
1 6 3 . 2  
1 6 5 . 2  
1 6 7 . 3  
1 6 9 . 4  
1 7 1 . 6  
1 7 4  .  0  
1 7 6 . 4  
1 7 8 . 9  
1 8 1 . 4  
1 8 3 . 8  
1 8 6 . 3  
1 8 8 . 8  
1 9 1 . 4  
1 9 4 . 3  
1 9 6 . 9  
1 9 9 . 6  
2 0 2 . 4  
2 0 5  .  3  
LUTETXUM - 0.105 AT.* HYDROGEN 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
X 1 0 °  E M U / G  D E G R E E S  K  X 1 0 °  E M U / G  
.  1 0 6  
.  1 0 6  
. 1 0 5  
. 1 0 5  
.  1 0 5  
.  1 0 5  
.  1 0 4  
.  1 0 3  
.  1 0 4  
.  1  0 4  
.  1 0 3  
.  1 0 2  
. 1 0 1  
.  1 0 0  
.  1 0 0  
.  1 0 0  
. 0 9 9  
.  0 9 8  
. 0 9 7  
. 0 9 6  
.  0 9 7  
.  0 9 5  
.  0 9 4  
. 0 9 3  
.  0 9 2  
2 0 8  .  3  
2 1 1 . 3  
2 1 4 . 3  
2 1 7 . 3  
2 2 0  .  5  
2 2 3  .  6  
2 2 6 . 9  
2 3 0  . 3  
2 3 5 . 8  
2 3 7  .  3  
2 4 1 . 0  
2 4 4  .  6  
2 4 8 . 4  
2 5 2  .  2  
2 5 6  .  3  
2 6 0  .  3  
2 6 4 . 3  
2 6 8  .  4  
2 7 2  .  5  
2 7 6  .  7  
2 8 0  .  9  
2 8 4  .  9  
2 8 8  .  8  
2 9 2 . 5  
2 9 5 . 0  
1 . 0 9 1  
1 . 0 8 9  
1  . 0 8 8  
1  . 0 8 8  
1 . 0 8 5  
1  . 0 8 5  
1  . 0 8 3  
1  . 0 8 2  
1  . 0 8 1  
1 . 0 7 8  
1  . 0 7 7  
1  0 7 5  
1 . 0 7 3  
1 . 0 7 1  
1 . 0 7 0  
1  .  0 6 8  
1  .  0 6 6  
1  . 0 6 3  
1 . 0 6 1  
1  .  0 5 8  
1  .  0 5 7  
1  .  0 5 4  
1  .  0 5 2  
1  .  0 5 0  
1 . 0 4 9  
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LUTETTUM - 0.22 AT* HYDROGEN 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DEGREES K x 10^ EMU/G DEGREES K X 10° EMU/G 
1  . 6 9  1 . 1 8 6  6 5  .  8  1 . 1 2 4  
2 . 0 1  1 . 1 9 1  6 8  .  0  1 . 1 2 8  
2 . 4 9  1 . 1 8 7  7 0  .  0  1 . 1 2 4  
2 . 9 8  1 . 1 8 3  7 1 . 7  1 . 1 2 9  
3 . 5 1  1 . 1 7 7  7 3  .  8  1 . 1 2 5  
4  .  0 0  1 . 1 8 5  7 6  .  1  1 . 1 3 0  
4 . 5 2  1 . 1 7 4  7 8  .  1  1 . 1 2 7  
4  .  9 7  1 . 1 7 4  8 0  .  1  1 . 1 3  0  
5  .  9 5  1 . 1 6 8  8 2  .  1  1 . 1 2 8  
7  .  0 2  1 . 1 6 0  8 5  .  4  1 . 1 2 5  
8  . 0 0  1 . 1 4 7  
so 1 . 1 2 4  
8  .  9 8  1 . 1 4 4  8 9  ,  7  1 . 1 2 3  
9  .  9 6  1  .  1 3 4  9 0 . 3  1 . 1 2 3  
1 2 . 0  1 . 1 3 1  9 0  .  6  1 . 1 2 2  
1 2 . 1  1 . 1 2 2  1 0 0 . 2  1 . 1 2 2  
1 2 . 3  1 . 1 4 3  1 0 1  . 7  1 . 1 2 2  
1 2 . 6  1 . 1 2 8  1 0 2 . 4  1 . 1 2 7  
1 3 . 0  1 . 1 2 6  1 0 3 . 2  1 . 1 2 0  
1 3 . 2  1 . 1 2 7  1 0 4 . 0  1 . 1 2 2  
1 3 . 4  1 . 1 2 7  1 0 4 . 8  1 . 1 2 0  
1 3 . 7  1 . 1 2 7  1 0 6 . 5  1 . 1 2 2  
1 3 . 8  1 . 1 2 7  1 0 7 . 4  1 . 1 2 6  
1 4 . 0  1 . 1 3 1  1 0 8 . 3  1 . 1 1 9  
1 4 . 1  1 . 1 3 1  1 0 9 . 3  1 . 1 2 2  
1 4 . 7  1 . 1 2 4  1 1 0 . 3  1 . 1 2 2  
1 5 . 2  1 . 1 2 0  1 1 1 . 3  1 . 1 2 0  
1 6 . 4  1 . 1 1 5  1 1 2 . 3  1 . 1 2 0  
1 7 . 3  1 . 1 1 6  1 1 3 . 4  1 . 1 1 9  
1 8 .  7  1 . 1 0 5  1 1 4 . 5  1 . 1 2 2  
2 0  .  1  1 . 1 1 1  1 1 6 . 8  1 . 1 2 5  
2 2  .  3  1 . 1 0 3  1 1 8 . 0  1 . 1 2 4  
2 4  .  1  1 . 1 0 5  1 1 9 . 3  1 . 1 3 0  
2 7  .  0  1 . 1 1 1  1 2 0 . 6  1 . 1 2 4  
3 0 . 1  1 . 1 2 2  1 2 1 . 9  1 . 1 3 0  
4 3  .  9  1 . 1 1 9  1 2 3 . 2  1 . 1 2 1  
4 5  .  6  1 . 1 2 2  1 2 4 . 6  1 . 1 2 6  
4 7  .  3  1 . 1 2 0  1 2 9 . 0  1 . 1 2 3  
4 9  .  2  1 . 1 2 0  1 3 0 . 5  1 . 1 2 7  
5 0  .  9  1 . 1 2 2  1 3 2 . 1  1 . 1 2 5  
5 2  .  8  1 . 1 2 1  1 3 5 . 3  1 . 1 2 2  
5 4 . 4  1 . 1 2 5  1 3 7 . 0  1 . 1 2 3  
5 6  .  2  1 . 1 2 2  1 3 8 . 6  1 . 1 2 6  
5 7 . 9  1 . 1 2 3  1 4 0 . 5  1 . 1 2 8  
6  1  .  3  1 . 1 2 5  1 4 2 . 3  1  . 1 2 5  
6 3  .  5  1 . 1 2 3  1 4 4 . 2  1 . 1 2 5  
. 2 
.  1  
. 1 
. 2 
.  3  
.  5  
. 6 
. 8 
.  1  
. 5  
.  9  
. 2 
. 6 
.  3  
. 2 
. 1 
. 1 
. 1 
. 2 
.  3  
. 6 
.  9  
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LUTETIUM - 0.2 2 AT.* HYDROGEN 
S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
X 1 0 ^  E M U / C  D E C R E E S  K  x  1 0 ®  E M U / G  
1 2 5  2 1 1 . 3  1 . 1 0 6  
1 2 7  2 1 4 . 7  1 . 1 0 3  
1 2 3  2 1 8 . 2  1 . 1 0 3  
1 2 6  2 2 1  . 8  1 .  1 0 0  
1 2 4  2 2 5 . 5  1 . 0 9 9  
1 2 5  2 2 9 . 2  1 . 0 9 8  
1 2 4  2 3 3 . 0  1 . 0 9 6  
1 2 3  2 3 6 . 9  1 . 0 9 4  
1 2 3  2 4 1 . 0  1 . 0 9 1  
1 2 2  2 4 5 . 3  1 . 0 8 9  
1 1 9  2 4 9 . 6  1 . 0 8 8  
1 1 9  2 5 3 . 9  1 . 0 8 4  
1 1 7  2 5 8 . 4  1 . 0 8 1  
1 1 6  2 6 3 . 0  1 . 0 7 9  
1 1 6  2 6 7 . 7  1  . 0 7 8  
1 1 4  2 7 2 . 4  1 , 0 7 4  
1 1 3  2 7 7 . 3  1 . 0 7 2  
1 1 2  2 8  2 . 1  1 . 0 7 0  
1 1 1  2 8 6 . 7  1 . 0 6 6  
1 1 2  2 9 1 . 1  1 . 0 6 1  
1 1 0  2 9 4 . 6  1 . 0 6 0  
1 0 7  2 9 5 . 1  1 . 0 6 2  
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LUTETIUM - 0.57 AT.* HYDROGEN 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DEGREES K x 10° EMU/G DEGREES K X 10° EMU/G 
1  .  7 2  1 . 1 7 4  9 3  .  5  1 . 1 3 3  
I  .  7 8  1 . 1 7 2  9 6 . 3  1 . 1 3 4  
2  .  5 0  1 . 1 6 4  9 8 . 9  1 . 1 3 4  
2  .  9 8  1 . 1 6 9  1 0 0 . 2  1 . 1 3 4  
3 . 5 1  1 . 1 6 1  1 0 1 . 2  1 . 1 3 3  
4  .  0 5  1 . 1 5 9  1 0 2 . 2  1 . 1 3 3  
4 . 5 1  1 . 1 5 7  1 0 3 . 2  1 . 1 3  4  
5 . 1 5  1 . 1 6 0  1 0 4 . 2  1 . 1 3 4  
5  .  9 4  1 . 1 5 9  1 0 5 . 3  1 . 1 3 5  
6 . 0 6  1 . 1 5 2  1 0 6 . 4  1  . 1 3 6  
7  .  0 5  1 . 1 5 1  1 0 7 . 6  1 . 1 3 6  
7  .  8 5  1 . 1 5 1  1 0 8 . 8  1 . 1 3 6  
8  .  8 8  1 . 1 4 4  1 1 0 . 0  1 . 1 3 2  
1 0 . 0  1 . 1 3 4  1 1 1 . 3  1 . 1 3 2  
1 1 . 2  1 . 1 3 4  1 1 2 . 6  1  .  1  3 4  
1 2 . 9  1 . 1 3 4  1 1 3 . 9  1 . 1 3 7  
1 5 . 6  1 . 1 2 5  1 1 5 . 3  1 . 1 3  6  
2 0 . 2  1 . 1 1 7  1 1 6 . 8  1 . 1 3 7  
2 6 . 0  1 . 1 2 0  1 1 8 . 3  1 . 1 3 3  
3 2  .  7  1 . 1 2 2  1 1 9 . 9  1 . 1 3 8  
3 9 . 3  1 . 1 2 4  1 2 1 . 5  1 . 1 3  6  
4 3  .  4  1 . 1 3 0  1 2 3 . 1  1 . 1 3 5  
4 6  .  3  1 . 1 2 9  1 2 4 . 9  1 . 1 3 6  
4 9  .  0  1 . 1 3 0  1 2 6  .  6  1 . 1 3 7  
5 1 . 4  1 . 1 3 0  1 2 8 . 4  1 . 1 3 9  
5 3  .  7  1 . 1 3 0  1 3 0 . 3  1 . 1 3 7  
5 5  .  8  1 . 1 3 1  1 3 2 . 2  1 . 1 3 7  
5 7  .  8  1 . 1 3 1  1 3 4 . 1  1 . 1 3 8  
5 9 . 7  1 . 1 3 1  1 3 6 . 2  1 . 1 3 8  
6 1 . 3  1 . 1 3 1  1 3  8 . 2  1 . 1 3 9  
6 2 . 9  1 . 1 3 1  1 4 0 . 3  1 . 1 3 9  
6 4 . 3  1 . 1 3 2  1 4 2 . 4  1 . 1 3 9  
6 5  .  8  1 . 1 3 1  1 5 2 . 7  1 . 1 3 7  
6 7  .  2  1 . 1 3 2  1 5 5 . 1  1 . 1 3 7  
6 8  .  6  1 . 1 3 2  1 5 7 . 6  1 . 1 3 4  
7 0  .  2  1 . 1 3 2  1 6  0 . 1  1 . 1 3 4  
7 3  .  8  1 . 1 3 2  1 6 2 . 8  1 . 1 3 2  
7 6  .  2  1 . 1 3 1  ' 1 6 5 . 6  1 . 1 3 2  
7 8  .  7  1 . 1 3 0  1 6 8 . 5  1 . 1 3 7  
8 0  .  8  1 . 1 3 3  1 7 1  .  1  1 . 1 3 4  
8 2 . 9  1 . 1 3 3  1 7 4 . 1  1 . 1 3  4  
8 5  .  2  1 . 1 3 2  1 7 7 . 1  1 . 1 2 9  
8 7  .  5  1 . 1 3 3  1 8 0 . 2  1 . 1 3 0  
8 9  .  6  1 . 1 3 3  1 8 3 . 2  1  1 2 7  
9 1 . 6  1 . 1 3 3  1 8 6 . 5  1 . 1 2 5  
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T E M P E R A T U R E  
D E C R E E S  K  
1 8 9 . 8  
1 9 3 . 1  
1 9 6 . 5  
1 9 9 . 9  
2 0 3 . 5  
2 0 7 . 2  
2  1 0 . 8  
2 1 4 . 6  
2 1 8 . 5  
222 . 4 
2 2 6 . 4  
2 3 0 . 5  
2 3 4 . 9  
L U T E T I U M  -  0 . 5  7  A T . *  H Y D R O G E N  
S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
X 1 0 °  E M U / C  D E G R E E S  K  X 1 0 ®  E M U / C  
1 2 1  2 3 9 . 3  1 . 1 0 3  
1 2 5  2 4 3 . 7  1 . 1 0 3  
1 2 2  2 5 3 . 1  1 . 0 9 7  
1 2 1  2 5 7 . 8  1 . 0 9 3  
1 2 0  2 6 2 . 7  1 . 0 9 1  
1 1 9  2 4 7 , 6  1 . 0 8 8  
1 1 6  2 7 2 . 6  1 . 0 8 5  
1 1 5  2 7 7 . 7  1 . 0 8 5  
1  1 6  2 8 2 . 7  1  .  0 7 9  
1  1 4  2 8 7  . 4  1 . 0 7 7  
1 1 1  2 9 1 . 8  1 . 0 7 6  
1 1 0  2 9 4 . 9  1 . 0 7 1  
1 0 4  
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LUTETIUM - 1.4 AT.% HYDROGEN 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DEGREES K X 10^ EMU/G DECREES K X 10® EMU/G 
I . 7 2  
1  .  9 9  
2 . 5 1  
2  .  6 6  
2  .  S O  
2  .  9 0  
3  .  0 0  
3 . 1 5  
3  . 2 9  
3  .  4 6  
3  . 6 0  
4  .  0 0  
4  .  2 7  
4  .  3 3  
4  .  4 8  
4 . 5 1  
4  .  9 8  
5 . 0 1  
5  .  7 9  
6  .  0 2  
6  .  6 9  
7  .  0 2  
7 . 9 9  
8  .  0 2  
8  .  9 7  
9  .  2 3  
1 0 . 0  
1 0 . 4  
I I . 0  
1 2 . 0  
1 2 . 0  
1 3 . 2  
1 3 . 5  
1 5 . 3  
1 6 . 8  
1 6 . 9  
1 8 .  8  
2 0 . 4  
2 0  .  5  
2 1 . 4  
2 7 . 3  
3 4  .  4  
4 1 . 8  
4 5  .  2  
4 8  .  5  
.  2 0 6  
.  1  9 9  
.  2 0 6  
.  1  9 7  
.  1 9 5  
.  1  86 
.  1 8 9  
.  1 8 9  
.  1 8 6  
.  1  9 3  
.  1 9 2  
.  1  8 4  
.  1 8 7  
. 1 9 1  
.  1 9 5  
.  1  7 9  
.  1 8 6  
.  1 8 9  
.  1 8 0  
.  1 7 4  
.  1 6 6  
.  1 6 7  
.  1 5 8  
.  1 5 7  
.  1 5 9  
.  1  6 4  
.  I S O  
1 6 6  
.  1 4 6  
.  1 6 4  
.  1 3 9  
. 1 4 1  
.  1 5 4  
.  1 4 5  
. 1 2 1  
.  1 3 9  
. 1 3 1  
.  1 3 7  
. 1 2 1  
.  1 2 6  
.  1 2 5  
.  1 2 6  
.  1 2 5  
.  1 2 7  
.  1 3 0  
5 1 . 3  
5 4  .  2  
5 7  .  2  
5 9  .  7  
6 2  .  4  
6 4  .  9  
6 7  .  1  
6 9 . 2  
7 1 . 8  
7 4  .  2  
7 6  .  4  
7 9 . 1  
9 2  .  0  
9 2  .  6  
9 3  .  3  
9 4  .  0  
9 4 . 7  
9 5  .  5  
9 6  .  3  
9 7  .  2  
9 8  .  1  
9 9  .  0  
9 9 . 9  
1 0 1 . 0  
1 0 2 . 0  
1 0 3  .  0  
1 0 4 . 1  
1 0 5  .  3  
1 0 6 . 5  
1 0 7  .  8  
1 0 9 . 1  
1 1 0 . 5  
1 1 2 . 0  
1 1 3 . 5  
1 1 5 . 0  
1 1 6 . 7  
1 1 8 . 2  
1 1 9 . 9  
1 2 1 . 7  
1 2 3 . 5  
1 2 5 . 3  
1 2 7 . 2  
1 2 9 . 2  
1 3 1 . 1  
1 3 3 . 2  
.  1  3 4  
.  1 3 2  
. 1 3 5  
.  1 3 4  
.  1 3 5  
.  1 3 5  
.  1 3 3  
. 1 3 6  
.  1 3 4  
. 1 3 1  
.  1 3 4  
.  1 3 4  
. 1 3 1  
.  1 3 2  
. 1 3 1  
.  1 3 2  
.  1 3 1  
.  1 3 0  
.  1 3 0  
. 1 3 3  
.  1 3 2  
. 1 3 1  
. 1 3 0  
. 1 3 1  
.  1 3 2  
.  1 3 0  
.  1 3 0  
.  1 3 2  
. 1 3 1  
.  1 3 0  
. 1 3 1  
. 1 3 1  
. 1 3 1  
.  1 2 9  
.  1 , 2 9  
.  1 3 0  
. 1 3 1  
. 1 3 1  
.  1 3 0  
.  1 3 0  
.  1 3 0  
.  1 2 9  
. 1 3 1  
.  1 3 0  
.  1 2 9  
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LUTETIUM - 1.4 AT.* HYDROGEN 
T E M P E R A T U R E  S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
D E G R E E S  K  x  1 0 °  E M U / G  D E G R E E S  K  X 1 0 °  E M U / G  
1 3 5  3  1 . 1 2 8  2 0 1  1  1  1 1 2  
1 3 7  4  1 . 1 2 8  2 0 4  8  1  1  1 1  
1 3 9  7  1 . 1 2 8  2 0 8  7  1  1  1 0  
1 4 2  0  1 . 1 2 8  2 1 2  6  1  1  0 7  
1 4 4  3  1 . 1 2 7  2 1 6  6  1  1 0 7  
1 4 6  6  1 . 1 2 7  2 2 0  7  1  1 0 6  
1 4 9  1  1 . 1 2 6  2 2 5  0  1  1 0 5  
1 5 1  6  1 . 1 2 5  2 2 9  4  1  1 0 2  
1 5 4  1  1 . 1 2 5  2 3 3  9  1  0 9 9  
1 5 6  7  1 . 1 2 6  2 3 8  5  1  0 9 7  
1 5 9  4  1 . 1 2 3  2 4 3  1  1  0 9 5  
1 6 2  1  1 . 1 2 3  2 4 8  0  1  0 9 3  
1 6 4  9  1 . 1 2 2  2 5 2  9  1  0 9 1  
1 6 7  8  1 . 1 2 0  2 5 7  9  1  0 9 0  
1 7 0  8  1 . 1 2 1  2 6 3  0  1  0 8 7  
1 7 3  9  1 . 1 2 1  2 6 8  2  1  0 8 3  
1 7 7  0  1 . 1 1 7  2 7 3  4  1  0 8 1  
1 8 0  3  1 . 1 2 3  2 7 8  9  1  0 7 8  
1 8 3  5  1 . 1 1 8  2 8 3  9  1  0 7 5  
1 8 6  9  1 . 1 1 7  2 8 8  8  1  0 7 2  
1  9 0  3  1 . 1 1 7  2 9 3  1  1  0 7 0  
1 9 3  8  1 . 1 1 4  2 9 4  8  1  0 7 0  
1 9 7  4  1 . 1 1 4  
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LUTETIUM - 3.2 AT.* HYDROGEN 
TEMPERATURE SUSCEPTIBILITY TEMPERATURE SUSCEPTIBILITY 
DEGREES K X 10® EMU/G DECREES K X 10° EMU/G 
1  .  6 9  1  .  2 3 0  6 8  .  4  1 . 1 1 5  
2  .  0 3  1  . 2 3 0  7 0  .  9  1 . 1 1 4  
2  .  4 9  1  .  2 2 3  7 3  .  3  1 . 1 0 8  
3  .  0 4  1 . 2 1 4  7 5  .  7  1 . 1 1 6  
3  .  4 5  1 . 2 1 4  7 8  .  0  1 . 1 1 7  
4  .  0 1  1  . 2 0 6  8 0  .  0  1 . 1 1 5  
4 . 5 1  1  .  2 0 0  8 5  .  1  1 . 1 1 3  
4  .  9 8  1 . 2 0 3  8 7  .  3  1 . 1 1 4  
5  .  4 8  1  .  2 0 0  9 1 . 3  1 . 1 1 4  
5  .  5 6  1 . 1 9 7  9 3  .  2  1 . 1 1 3  
5  .  6 3  1  .  2 0 5  9 4 . 9  1 . 1 0 9  
5  .  8 4  1 . 1 9 0  9 6 . 5  1 . 1 1 6  
6  .  0 2  1 . 1 8 9  9 7  .  9  1 . 1 1 4  
6 . 1 3  1 . 1 9 7  9 9  .  6  1 . 1 ) 4  
6  .  9 6  1 . 1 9 5  1 0 2 . 6  1 . 1 1 3  
7  .  0 9  1 . 1 9 1  1 0 4  .  3  1 . 1 1 2  
7  .  2 5  1 . 1 9 9  1 0 5 . 9  1 . 1 1 3  
7  .  9 0  1 . 1 8 0  1 0 7 . 2  1 . 1 1 0  
8  .  5 7  1 . 1 7 6  1 0 8 . 5  1 . 1 1 3  
9  .  4 0  1 . 1 7 5  1 0 9 . 6  1 . 1 1 1  
1 0 . 0  1 . 1 6 3  1 1 0 . 0  1 . 1 1 0  
1 1 . 0  1 . 1 6 2  1 1 1 . 0  1 . 1 0 0  
1 1 . 8  1 . 1 5 5  1 1 2 . 1  1 . 1 1 3  
1 2 . 9  1 . 1 5 3  1 1 3 . 3  1 . 1 1 3  
1 3 . 0  1 . 1 4 5  1 1 4 . 4  1 . 1 1 4  
1 4 . 8  1 . 1 2 8  1 1 5 . 6  1 . 1 ) 1  
1 5 . 5  1 . 1 5 0  1 1 6 . 8  1 . 1 1 1  
1 6 . 5  1 . 1 4 6  1 1 8 . 1  1 . 1 1 2  
1 7 . 7  1 . 1 4 3  1 1 9 . 4  1 . 1 0 4  
1 9 . 1  1 . 1 2 8  1 2 0 . 7  1 . 1 1 2  
2 0  .  1  1 . 1 3 7  1 2 2 . 1  1 . 1 1 3  
2 2  .  0  1 . 1 3 3  1 2 3 . 5  1 . 1 1 2  
2 4  .  9  1 . 1 2 1  1 2 4 . 9  1 . 1 1 1  
2 7  .  8  1 . 1 2 1  1 2 6  .  4  1 . 1 1 5  
3 2  .  2  1 . 1 2 0  1 2 7 . 9  1 . 1 1 3  
3 7  .  6  1 . 1 1 0  1 2 9  .  5  1 . 1 0 1  
4 2 . 6  1 . 1 1 6  1 3 1 . 1  1 . 1 1 1  
4 5  .  5  1 . 1 1 3  1 3 2 . 8  1 . 1 1 2  
4 8  .  1  1 . 1 1 2  1 3 4 . 5  1 . 1 1 1  
5 0 . 9  1 . 1 1 5  1 3 6 . 3  1 . 1 1 1  
5 3 . 8  1 . 1 1 5  1 3 8 . 0  1 . 1 0 8  
5 7  .  0  1 . 1 1 4  1 3 9 . 9  1 . 1 0 3  
5 9  .  7  1 . 1 1 5  1 4  1 . 8  1 . 1 0 6  
6 2  .  7  1 . 1 1 3  1 4  3 . 6  1 . 1 0 9  
6 5 . 5  1 . 1 1 5  1 4 5 . 6  1 . 1 1 0  
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lUTETIUM - 3.2 AT.* HYDROGEN 
T E M P E R A T U R E  S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
D E G R E E S  K  x  1 0 ^  E M U / C  D E G R E E S  K  X  1 0  E M U / G  
1 4 7  6  1 . 1 0 2  2 0 7  0  1  0 9 0  
1 5 1  7  1 . 1 0 4  2 1 0  4  1  . 0 8 8  
1 5 3  8  1 . 1 0 7  2 1 3  8  1  0 8 9  
1 5 5  9  1 . 1 0 6  2 1 7  2  1  0 8 8  
1 6 0  4  1 . 1 0 7  2 2 0  8  1  0 8 6  
1 6 2  6  1 . 1 0 5  2 2 4  4  1  0 8 3  
1 6 5  0  1  .  1 0 4  2 2 8  0  1  0 8 0  
1 6 7  3  1 . 1 0 1  2 3  1  8  1  . 0 8 0  
1 6 9  8  1 . 1 0 0  2 3 5  6  1  0 7 8  
1 7 2  2  1 . 1 0 1  2 4 3  5  1  . 0 7 7  
1 7 4  7  1 . 1 0 3  2 4 7  6  1  0 7 5  
1 7 7  3  1 . 1 0 0  2 5 1  8  1  . 0 7 0  
1 7 9  9  1 . 1 0 1  2 5 6  0  1  0 7 0  
1 8 2  7  1 . 1 0 0  2 6 0  4  1  . 0 6 4  
1 8 5  5  1 . 1 0 0  2 6 4  9  1  0 6 4  
1 8 8  4  1 . 0 9 7  2 6 9  3  1  . 0 5 7  
1 9 1  4  1  .  0 9 7  2 7 3  9  1  0 5 7  
1 9 4  4  1  . 0 9 6  2 8 1  7  1  . 0 5 6  
1 9 7  4  1  . 0 9 4  2 8 7  1  1  0 5 0  
2 0 0  6  1  . 0 9 3  2 9 1  3  1  0 5  1  
2 0 3  8  1 . 0 8 9  2 9 5  0  1  0 5 0  
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LUTETIUM - 6 AT.% HYDROGEN 
T E M P E R A T U R E  S U S C E P T I B I L I T Y  T E M P E R A T U R E  
D E C R E E S  K  X 1 0  E M U / G  D E C R E E S  K  
1  .  6 9  1  ,  1 5 3  9 2  .  6  
2  .  0 0  1  .  1 5 7  9 3  ,  .  2  
2  .  4 8  1  ,  1 4 9  9 3 ,  8  
2  .  9 8  1  . 1 4 5  9 4  ,  5  
3  .  5 0  1  1 4 1  9 5  ,  1  
3  .  9 9  1  .  1 4 0  9 5  .  8  
4  .  4 6  1  .  1 4 0  9 6  5  
S  .  0 3  1  .  1 3 7  9 7  .  .  3  
5  .  6 0  1  ,  .  1 3 6  9 8  ,  0  
6  .  2 0  1  .  1 3 3  9 8  .  8  
7  .  0 0  1  ,  1 2 9  9 9  ,  6  
7  .  9 0  1  . 1 2 1  1 0 0  .  6  
8  .  9 0  1  ,  1 1 3  1 0 1  5  
9  .  9 0  1  .  1 0 6  1 0 2  .  .  4  
1 1 . 7  1  .  1 0 1  1 0 3  ,  5  
1 3 . 5  1  . 0 9 7  1 0 4  .  5  
1 4 . 5  1  ,  . 0 9 2  1 0 5  .  5  
1 5 . 6  1  . 0 9 1  1 0 6  .  6  
1 8 . 8  1  .  0 9 1  1 0 7  .  7  
2 3  .  1  1  .  0 8 7  1 0 8  .  9  
2 8 . 4  1  .  0 8 4  1 1 0 ,  1  
3 4  .  8  1  . 0 8 1  1 1 1  .  4  
4 0  .  7  1  ,  .  0 7 8  1 1 2 ,  7  
4 4 . 8  1  .  0 7 9  1 1 4  .  0  
4 7  .  8  1  .  0 7 8  1 1 5 ,  3  
3 0  .  6  1  . 0 7 8  1 1 6  .  5  
5 3  .  1  1  ,  0 7 8  1 1 8 ,  3  
5 5 . 6  1  . 0 7 8  1 1 9  .  8  
5 8 . 0  1  ,  .  0 7 6  1 2 1  ,  5  
6 0  .  2  1  , 0  7 4  1 2 3  ,  1  
6 2 . 5  1  . 0 7 5  1 2 4  ,  7  
6 4  .  8  1  . 0 7 6  1 2 6  .  4  
6 7  .  1  1  .  0 7 6  1 2 8  .  . 2  
6 9  .  3  1  .  0 7 6  1 3 0  .  0  
7 1 . 3  1  . 0 7 6  1 3 1  .  9  
7 3  .  5  1  .  0 7 5  1 3 3  .  8  
7 5  .  3  1  ,  0 7 5  1 3 5  .  .  7  
7 7  .  0  1  . 0 7 5  1 3 7  .  7  
7 8  .  9  1  .  0 7 4  1 3 9  .  7  
8 0  .  6  1  . 0 7 5  1 4 1  .  8  
8 2  .  5  1  .  0 7 6  1 4 3  .  .  9  
8 7 . 0  1  . 0 7 4  1 4 6  .  1  
8 8  .  8  1  .  0 7 4  1 4 8  .  5  
9 1 . 1  1  . 0 7 3  1 5 0  .  8  
9 2  .  1  1  .  0 7 2  1 5 3  ,  .  2  
SUSCEPTIBILITY 
X 10° EMU/G 
1 . 0 7 4  
1  . 0 7 3  
1 . 0 7 3  
1  . 0 7 3  
1 . 0 7 3  
1  . 0 7 2  
1 . 0 7 2  
1 . 0 7 3  
1 . 0 7 3  
1 . 0 7 2  
1 . 0 6 9  
1 . 0 7 3  
1  . 0 7 7  
1 . 0 7 2  
1 . 0 7 1  
1  . 0 6 9  
1 . 0 7 2  
1 . 0 7 0  
1 . 0 7 0  
1 . 0 7 1  
1  . 0 7 0  
1  0 7 1  
1 . 0 7 0  
1 . 0 7 0  
1  . 0 6 8  
1  . 0 6 8  
1 . 0 6 9  
1  . 0 6 8  
1 . 0 7 0  
1  .  0 6 9  
1  . 0 6 8  
1 . 0 6 8  
1 . 0 6 8  
1  . 0 6 8  
1  . 0 6 7  
1 . 0 6 7  
1  . 0 6 5  
1  . 0 6 6  
1  . 0 6 5  
1  . 0 6 3  
1  . 0 6 3  
1  . 0 6 2  
1  . 0 6 3  
1  . 0 6 1  
1 . 0 6 2  
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LUTETIUM - 6 AT.* HYDROGEN 
T E M P E R A T U R E  S U S C E P T I B I L I T Y  T E M P E R A T U R E  S U S C E P T I B I L I T Y  
D E G R E E S  K  X 1 0 ^  E M U / G  D E G R E E S  K  X 1 0 °  E M U / C  
1 5 5 . 7  
1 5 8 . 2  
1 6 0 . 8  
1 6 3 . 4  
1 6 6 . 1  
1 6 8 . 8  
1 7 1 . 6  
1 7 4 . 5  
1 7 7  .  4  
1 8 0 . 3  
1 8 3 . 4  
1 8 6 . 5  
1 8 9 . 7  
1 9 3 . 1  
1 9 6 . 5  
1 9 9 . 9  
2 0 3 . 5  
2 0 7 . 1  
2 1 0 . 8  
1  .  0 6 4  
1  .  0 5 8  
1  .  0 5 7  
1  . 0 5 8  
1 . 0 5 6  
1  .  0 5 7  
1  .  0 5 6  
1  . 0 5 6  
1  .  0 5 4  
1 . 0 5 6  
1  .  0 5 4  
1  . 0 5 5  
1  .  0 5 4  
1  . 0 5 4  
1  .  0 5 2  
1  . 0 5 4  
1  .  0 5 3  
1 . 0 5 2  
1  .  0 5 4  
2 1 4 . 7  
2 1 8 . 5  
2 2 2  .  5  
2 2 6  . 5  
2 3 0  .  6  
2 3 4  .  9  
2 3 9  .  2  
2 4 3  .  7  
2 4 8  .  3  
2 5 3 . 0  
2 5 7  .  8  
2 6 2 . 6  
2 6 7  .  6  
2 7 2  .  6  
2 7 7  .  7  
2 8 2 . 7  
2 8 7 . 5  
2 9 2 . 0  
2 9 4  .  5  
1 . 0 5 0  
1  . 0 4 9  
1  . 0 4 7  
1  . 0 4 5  
1 . 0 4 4  
1 . 0 4 4  
1 . 0 4 1  
1  . 0 4 0  
1  . 0 3 9  
1  . 0 3 9  
1 . 0 3 3  
1 . 0 3 2  
1 . 0 2 6  
1 . 0 2 6  
1 . 0 2 4  
1  . 0 2 2  
1 . 0 1 8  
1 . 0 1 5  
1 . 0 1 5  
